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Abstract

Thisresearchwill apprai sethe productionand utility of digitd atlasesinan Africancontext, usng persond
experience gained through the production of a digitd atlas for Swaziland, the opinions obtained from
other producers of African digital atlases and relevant literature,

Since the 1950s, decision makers and researchers have viewed information as a powerful contributor
to nationa development. Over the past thirty years, developed countries have increased the efficient
collationand dissemination of geographic informationthroughthe utilizationof the digital environment. The
development of Geographic Information Systems (GIS) hasincreased the range of gpplications attainable
in digital mapping projects. Applications have ranged from resource inventories to the monitoring of

environmenta degradation, crime patterns and service provision.

The patchy history of data collection, andyss and mapping in Africa, has had a limiting effect on the
ability of countriesto identify, plan and control their resources efficently. Despite the desireto automate
the mapping process and regp some of the planning benefits evident inthe devel oped world, Africa has
not succeeded in mobilisng full technologica potentia. Politica indability, poor infrastructure, the
absence of nationd policy guidelines, and alack of skilled manpower are some of the issueswhichhave
limited utilizetion. Despite many of the hurdles faced by African countries, automated mapping and
andysistechnologies are ill being pursued.

Therole of computersinthe utilisation of data has become apparent through several means, one of which
isthe digitd alas Andyticd functionsin many of these products dlow stuation modeling and provide
superior graphic displays in comparison to their paper counterparts. Severd African countries have
embarked on the development of nationa digital databases and in some cases have produced digitd
nationa atlases. The potentia to improve resource utilization, service provison and land use planning
usng these atlases, doesexigt. The productionand utility of these atlasesinan African context, however,
needs closer assessment. " Computers don't clothe, don't cure, don't feed. Their power begins and ends
with information. Thelr usefulness is therefore drictly linked to the effectiveness of the informetion”
(Gardner,1993:16).
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Chapter One: Introduction

"GIS, geographical information systems research, is the hottest thing in geography and map
making these days...and the power of Gl Shas really nothing to do with simply translating paper
maps into video screen pictures. It is the prospect of combining map images with other kinds of
information - pictures from satellites, statistics from census data - to be able to display

relationships graphically that were impossible before the computer” (Huxhold,1991:xiii)

1.1 Introduction

This introduction consists of four sections. The reader will be introduced to the use of information
technology in the developed and developing worlds. This will be followed by a brief overview of
conventiond mapping inAfrica. An introduction to the concept of digitd atlaseswill be supported by an
outline of the characteristics associated withthem. The remainder of the chapter providesthe context for
the research, an outline of digital mapping activity in Swaziland is given aswell as a description of the
study area. The aim, objectives and methods of the research are then stated.

1.1.2 Information technology in the developed and developing worlds

The developed world has consstently maintained its position at the forefront of computer technology
development. Developed countries have not only had access to state of the art machines and skilled
personnd, but have aso had the funds to develop, acquire and run such systems. The benefits of
computerised data have been regped in these countries over the past 30 years. In the 1960s, Canada
became concerned over the use of its natural resources. The government set out to produce a country
wide land use inventory. Information relating to the capability of the land to sustain forestry, wildlife,
agriculture and recreationwasgathered withthe aim of he ping the government make more informed land
use decisions (Tomlinson,1984). This was one of the firg instances in which computers were used to
manage extensve amounts of data. Technicians searched for ways to input graphic map data ong with
vast amounts of related attribute information into computers. It was at this time that the first geographic
information system was developed.
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Looking back at the 1970s, Larsson(1991) notesthat it was at this time that many western governments
followed Canada in the redisation that land was a vauable resource and would require effective
management systems. Tomlinson (1984:22) notes that governments "perceived the need not only to
gather but aso to handle and analyse geographica dataand to do so in atimey manner”. GIS not only
provided the means of achieving efficiency as a tool for data collection, storage and manipulation but
enabled the presentation of datisticad andys's through the use of cartographic display capabilities.

Keates (1989:284) suggests that the "desire to output maps more quickly...analyse and process large
quantities of statistica data...and indeed to produce many different versons with fadlity” has been the
driving force behind increasing digita mapping activity. Shand and Silayo (1996) note that Snce 1989,
there has been a dgnificant increase in the utilisation of digital mapping systems and techniques for the
production of maps and atlases by the mapping industry worldwide. Governments of the developing
world are now redlisng their need to gather, update, manipulate, analyse and map large amountsof data
and are embarking on the path of digita automation, travelled by the developed world over thirty years

ago.

In Chinathe importance of the economic role of rurd areas has spurred the production of digital maps
and atlasesfor continued agriculturd regiona planning (Taylor,1985). Chinahas a digitd database of dl
2300 counties, and this forms part of the digital Population Atlas of the Peopl€'s Republic of China
Taylor (1985) notes that the same database has been used to produce an Atlas of Local Diseases. The
result isavast amount of spatialy referenced datawhichis potentidly avalable for efficent dissemination

to awide user base; both public and private.

Data collection, andyss and mapping has a patchy history in Africa. It goes without saying that any
nation'sability to identify, plan and control the use of itsresources has a direct effect onitsdevel opment.
According to Chukwudebe and Duru (1985) notorioudy weak application of cartographic knowledge
inthe development and planning processes is suggested to be the cause of the many examplesof regiond
economic and development differences, thelack of urban control and infrastructura disorderlinessonthe
continent. Adenyini (1985) notesthat one of the main problems facing countriesin Africa, istheir limited

2
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access to data and information of their own territories.

1.1.3 A brief history of mapping Africa

During the late 1800s and early 1900s, atlas production in Africa boomed. Much of the mapping that
took place at this time was motivated by colonid powers. Maps displayed the extent of colonid territoria
control, and resource avalability inthe colony (Adeniyi,1985). By 1949, 43 per cent of Africahad been
mapped in this way. Between the late 1940s and early 1950s, agrid photography wasintroduced which
resulted in further extensive mapping (Adeniyi,1985). Reflecting on this era, Shand and Silayo (1996)
note that seventy percent of dl Sngle nationatlasesin Africawere produced betweenthe years of 1955-
1975, with production reaching its peak in the 1960s. Adenyini (1985) notes that production was,
however, unevenand at independence many African countries did not even have acomplete topographic
or aerid photographic coverage of their territory.

Nigeriagtands as atypica example of the experience of Africancountries. InNigeria during the 1950s,
the British coloniad adminigtration made aneffort to compile aninventory of the country's resources and
land potential, and attempted to use this information to solve planning problems. When the British left,
there was a period of 10 years where limited data collection occurred (Chukwudebe and Duru,1995).
The Canadian government was instrumenta in hdping Nigeria obtain aerid survey equipment for the
production of large scale mapsin the 1970s, but many of the urban master plans were till produced by
foreign consultants. Nigeria lacked the skilled manpower and cartographic facilities to lead its own
mapping project. Chukwudebe and Duru (1985) note that the first attempt made at automated
cartography for census datawas carried out in 1972, just before the 1973 census. The maps resulting
from the effort were used in land use planning, monitoring of urban spread, resource inventories, sudy
of infragtructure and communications development, and in nature conservation. Although aided by
foreigners, the benefits of modernising the mapping process hasled the country to affirm that "whenever
planning encountersthe need for Szeable amounts of spatid datawhichchange or fluctuatewithtime, the
recourse to computer-assisted cartography becomes amost mandatory” (Chukwudebe and
Duru,1985:248).
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Shand and Silayo (1996) suggest that investment in hedlth care and education holds grester priority for
most African countriesthaninvesment innationa mapping projects. Increasingly however, alink isbeing
made between the use of the computing environment and solving problems inthe areas suchashedthand
education. Although the desire to adopt information systems is now strong in many African countries,
there are still considerable constraints which have to be overcome to ensure successful utilizetion of the
technology. These congraints lie not only in the lack of money to buy the necessary equipment, but in
"unrdicble power supplies, unsuitable operating environments, and by inadequate maintenance
agreements for computing equipment that has been imported or donated as part of foreign ad
programmes." (Shand and Silay0,1996:13).

Despite the presence of one or more of these congraints within their borders, several African countries
have actively adopted more modern methods of mapping. Automated cartography seemsto have laid
anatural pathfor those wishing to produce avolume of digital maps relating to their country. Geographic
Information Systems has taken this further, dlowing the production of an interactive series of maps and
related data collated inthe formof adigitd or electronic atlas. Severa Africancountrieshave now gone
from having barely enough updated paper maps describing their territories, to having their countries
described in a digitd nationd atlas. Such countries include Kenya [Population Atlas of Kenya
(Fox,1995)], South Africa [Environmental Potential Atlases (Van Viegen et.d.,1998)], Tanzania
[Digital National Atlas of Tanzania (Shand,1996)], and Swaziland [ Tourism Potential Atlas of
Swaziland (Van Riet,1998)].

1.1.4 Digital atlases

Digita maps and atlases are not intended to replacether printed paper counterparts but areintended to
provide anew dimengonto atlasinformationwithincreased flexibility and information storage capacities.
Kédler (1995) describes the nationd atlas of Sweden which provides its users with information in both
digital and conventiond formats. If interested by images in the paper atlas, the user is directed to the
diskette verson of the atlas which holds a lot more information. The Spanish nationd atlas maps the
landscapeinitsnaturd state and thenagain displaying it withitsenvironmenta problems whilstthe French
nationd atlas ams at depicting phenomena such asthe digtribution of crime, AIDS and unemployment

4
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(Keller,1995). Thistype of informationis"afar cry from the visiting card concept nationd atlases once
had, but it is with atlases like these that society's problems can indeed be tackled" (Kdler,1995:19). It
has been suggested by Taylor (1991) that just as maps were the tools of navigationand exploration, so

they are now instruments of interactive computer navigation.

Digitd atlases may be classfied according to their anaytica capabilities, ranging from"view only" at one
end of the scaleto thosewith consderable interactive ahilitiesat the other. It is predicted that inthe future
"Ingtead of turning pagesin abook of maps...the atlas user will manipulate maps on a microprocessor
and interact with digplays before her" (Monmonier,1985:137). The digitd atlas has a number of
characterigtics not experienced in the conventiona paper atlas. In Table 1.1 below, characterigtics of
the traditional paper atlas are listed againg those of the digita atlas.

Table 1.1: Characteristics of conventional and digital atlases

Characterigtics of a conventional atlas Characteristics of a digital atlas

1. Often seen asa series of small scdemaps | 1. "Digita book of geographic maps of the world,

bound in a book comprising both graphics and descriptive
information” (Department of Environmenta Affairs
and Tourism,1994:4-1)

2. Map order requires careful thought 2. Map order is not a concern - images can be

linked in multiple directions

3.Page sze limitsthe number of imagestha | 3. Stores large amounts of both graphic and
can be included attribute data which can be manipulated and
andysed. Limitation is memory Sze of the

computer

4. Maps are sttic - the user hasno control | 4. The user has control over the map parameters

over map parameters or display displayed e.g. map content, legends etc.
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5. Paper maps are often outdated and not 5. Quick, efficient production and easily updated
eadly updated

Characteristics of a conventional atlas Characteristics of adigital atlas

6. Conddered to be aestheticaly pleasing 6. Inferior draughtsmanship quality in comparison
to hand drawn maps

7. Presentation as a book in paper format 7. Presentation on diskette is compact

can be unwieldy to use and store due to Sze

8. Andysisislimited. Patterns can be 8. Graphic and attribute data can be manipulated
Identified depending on the presentation of and andysd

the maps. The nature of andydisis not
determined by the user

9. Complete coverage for developed 9. Patchy data coverage due to lack of digital data

countries. Outdated or incomplete coverage

for many developing countries

Sources: Coppock and Rhind (1991); Department of Environmenta Affairsand Tourism(1994); K eates
(1989); Perkins (1995); Raveneau,et.d. (1991); Rystedt (1995); Shand and Silayo (1996); Taylor
(1991).

1.2 Context of the Research

Very few atlases have been published in Africa during the 1990s. What is clear however, isthat "inthe
near future many countries may be faced withthe dilemma of whether to go digitd or remain withexisting
andogue methods' (Shand and Silayo,1996:13). Presently, Swaziland is ill pursuing conventiond
methods of atlas production. The fird schools atlas of Swaziland was published in 1970 by Williams
Callins of Johannesburg and was revised twice. The second edition was published in 1974, revised in
1974, 1976 and 1977. The third edition came out in 1978, with revisons in 1982, 1983, 1984, and
1985. It was reprinted in 1986. A.S. Goudie and David Price Williams produced a generd atlas of
Swaziland in1983 whichwas printed in the country under The Nationa Trust Commission. Macmillans
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published an atlas for Swaziland in 1991, and reprinted it in 1997. They will be re-printing the alasin
1999 (Briar,1997:pers.comm.).

Since July 1998, Swaziland has actively pursued an extensve automated mapping project headed by the
Surveyor Generd'soffice. At the end of 1997, the government paid for a GI S consulting firmin Pretoria,
South Africa, tocarry out atourismpotential andyss of Swaziland. The result of thiswork was presented
asthe Tourism Potential Atlas of Swaziland (Van Riet,1998). Taking this interest in the automated
environment to itsnatural conclusion, Swaziland could well join Kenya, Tanzaniaand South Africainthe
development of a digital nationd atlas. Such an atlas could serve as the basis for a nationa database
which could be used to answer future queries Smilar to the Swaziland government's tourism potential

request.

Itiseasy to become over confident withthe potential successesthat technology put to practice, canhold.
It isessentid that one keeps in mind the existence of the potentia condraints that exist in Africa. This
thesis sets out to produce adigita populationand environment Atlas of Swaziland. The production and
utility of digital atlasesin Africawill be appraised usng the experience of the production processin this
and other African digitd alases. A thorough investigation into issues surrounding the use of technology
in Africawill be made and the red potentid of such digita products, established.
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1.3 The Study Area

The Kingdom of Swaziland liesto the north east of South Africa. The country has atota land area of
gpproximately 17 500 square kilometers. Swaziland is landlocked, sharing internationd borders with
South Africafor 430 kilometers to the north, south and west and with Mozambique for 105 kilometers
to the east (see Figure 1.1). By July 1998, Swaziland was estimated to have a population of 912 876
people (Mamba,1998: pers.comm.). ThePopulation-Environment Atlasof Svaziland coverstheentire
country.
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Figure 1.1: Study Area - The Kingdom of Swaziland [Source: SCT (Cor bett,et.al.1997)]

1.3.1 Putting the Study Areain context; digital mapping activity in Swaziland

1) Cadastral database project - The Department of Natural Resources and Energy in the Minigtry of
Works has developed a cadastral database for the entire country (Johnson,1998:pers comm.). The
project was initiated by the United Kingdoms Department for International Development (DFID) and
was intended as a management tool for storage and retrieval of cadastra files that would otherwise be
dored in afiling cabinet. The database holds dl information recorded in the manud files, including data
such as plots which are legally digible for subdivision and those which are not. The product is PC
(Persona Computer) based and was produced using UNIGIS software. It providesinformationonthe
cadastral boundaries to an accuracy within centimetres.

The project leader noted that the system used is now alittle outdated and compatibility with more up to
date packages such as ARC/INFO could be a problem (Johnson,1998:pers.comm.). The department
would like to bring the database in line with more common formats like AutoCAD.

The departmenta policy is that they are purely data providers, no andyss is carried out as yet. The
database is available for sale as a whole or in parts and thus far, the users have included ESCOM
(Electricity Supply Commission of South Africa) who purchased the entire package, GIS Business
Solutions in Johannesburg, South Africawho bought the rurd areas information and the Mbabane City
Council and the Water Services Corporation of Swaziland who bought the Mbabane regiond data

i) Digital mapping project - A digita mapping project aming for coverage of the entire country began
in the Surveyor Genera's Office in July 1998. The project is being carried out in conjunction with the
Ordnance Survey Team of the United Kingdom. A team of consultantsfrom the UK visited the country
in July to review the progress of DFID funded projects and to help get the project started (Ministry of
Public Service,1998). The project is being headed by Mr Sydney Simelane and ateam of trained local

manpower.
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The project has begun with the digitizing of eight main urban areas inthe country; Piggs Peak, M babane,
Nhlangano, Lavumisa, Manzini, M atsapa, Siteki and Hlatikulu (Simel ane, 1998:pers.comm). Detaled data
is being captured for each of these urban areas, from a series of 1:2500 aeria photographs on three
photogrammetry stations. All topographic data as wel as walls, hedges, buildings, eectricity and
telephone lines areincluded. Thisleve of detall will only exigt for the urban areasin the near future. To
cover therest of the country, 1:10 000 maps will be used as base mapsfromwhichdatawill be digitized
manudly. The photogrammetry stations used in data capture belonged to the department before the
project began and wheress before they were linked to drawing tables, they are now each linked to a
computer donated by the DFID for the project. Pre-existing data bel onging to the department whichhad
been captured when the photogrammetry sations were linked to drawing tables is being digitized
manually with updates being included.

The agrid photography was contracted out to the Aircraft Operating Company in Johannesburg. The
Manzini - Matsapa corridor was due to be photographed within the first weeks of August 1998.
Mbabane and Piggs Peak will be photographed in 1999, as the photographs the department have need

updating.

All of the computersin the department are linked by an internd network so that any updating or editing
of the maps is accessible on dl of the machines (Simelane,1998:pers.comm.). In the editing room,
digitized features are assgned codes which can be referred to in the accompanying feature code
directory. For example, the feature |abelled FC26 represents a wall, and the feature labelled FC207
represents a Donga Top. A brief definition of each term is given in the code directory to avoid any
confusionto the user. The South Africandeveloped USMART verson6, (whichappearsto be adrawing
package) isbeingused for editing. Asthe package has been devel oped inthe southernhemisphere, itwas
noted that Imple features such as understanding the South African LO coordinates system make the
package extremdy user friendly (Simelane, 1998:pers.comm). Asthe project isinitsinfancy, trid maps
are being printed ona Hewlett Packard Inkjet plotter and in July 1998 the operatorswere just beginning
to experiment with the introduction of colour.
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By the 31st December 1998, the department hoped to have digita maps for sale, available in four
formats; i) hard copy, ii) DXF, iii) MicroStation and iv) AutoCAD. Although the department has been
given a head dart, the project is costly and Mr Simelane noted that his department was hoping that by
September 1998 the Japanese government would be heping with funding for the project so that the
completed 'Nationa Topographic Database' may be redised (Simelane, 1998:pers.comm.).

Inexperienced in the handling of digital data, the department currently has alist of suggestionsfor lega
conditions which could be attached to the data. Meetings still needed to be hed to establish the legd
documentation. The department has had requests in the past for street guides, to include in tourist
publications, and have had to say yes as there are no formd policiesregarding the use of the informetion.
It was noted by Mr. Simelane that in future, access to the datawill probably be more redtricted than it

IS now.

Due to the fact that other departmentsare dow to computerise, links between the various departments
areweak and asaresult the potential uses of shared data go unrealised. Although the Surveyor Generd's
Office has had nothing to do with the Census Department inthe past the two are now tentatively linked
through arural eectrification project that is being investigated by the Census department. The project is
looking to provide dectricity to schools that do not have it and the Surveyor Generd's Office has been
requested to use its skills from the mapping project to map the needy areas. Although the department
wants to be seen as data providers for the present, it would appear that projects such as the rural
eectrification programme may require some analyss.

i) GISin Swaziland - Mr Erik Van Waveren, a soil and water conservation specidist (Netherlands
Enginearing Consultants) working for the department of Land Use and Planning in the Ministry of
Agriculture indicated that their department made useof GISin the form of ArcView and IDRIS. They
have captured severa covers for the country which have been overlaid to produce their own land use
potentia maps. Whilst the department was usng the GI S systems for their visudization capabilities, they
were not using them to ther full analytical potentia. Analysis has not been possible up to now dueto a
lack of skilled personnel (Van Waveren,1998:pers.comm.).
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Any requests for access to the data have to be addressed to the senior land planning officer. The
outcome of theserequestsis never certain. Thereare no guiddinesfor digital data use within or between
departments and as aresult of this, the Department of Land Use and Planning understandably tends to
be very careful about to whom they grant access (Van Waveren,1998:pers.comm.).

1.4 Aim
To create adigital atlas of Swaziland's environmenta and population information so asto facilitate an
gopraisa of the production and utility of digitd atlasesin Africa

1.5 Objectives

1. Collect numerical and spatia data for Swaziland.

2. Egtablish the extent and type of mapping activity in the Kingdom and other African countries,

3. Produce a population and environment atlas of Swaziland.

4. Criticaly assess the process and methods used.

5. Produce an open-ended questionnaire for the producers of the Population Atlas of Kenya
(Fox,1995), ENPAT (VanViegenet.a.,1998), the Digital National Atlasof Tanzania (Shand,1996),
Spatial Characterization Tool (Corbettet.al.,1997), and Tourism Potential Atlasof Svaziland (Van
Riet,1998) to ascertain production problems and actud utility of the product.

6. Develop appropriate guidelines for atlas production.

1.6 Methods

The methods are introduced below in relation to each objective.

1. Collect numerical and spatial data for Swaziland.

Initial contact was made with the census commissoner of Sweziland (Mr D.M. Lukhele), before the
project started. A genera outline of what was thought to be needed for the project was givento hmand
he supplied the numericd and spatid dataavailable to him.

The 1:50 000 scale maps of Swaziland were needed for the capture of schools, hospitals etc. The
collection held by the Geography Department at Rhodes University wasincompletefor the country and
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the productiondates of theavailable mapsvaried consderably. 1t was necessary to order the most recent
series from Map Office in Johannesburg. The Department of Land Use and Planning in the Minigtry of
Agriculturewerecontacted for their environmenta data, and a Digitd Elevation M odel wasordered from
ComputaMaps in Cape Town.

Thefollowing numerical data was collected:

a) Stidtical volumes for the 1986 Census were obtained from the Census Department in Mbabane,
Swaziland. Statistical datafor the 1997 census, wasto be obtained inJduly 1998; it will only be available
in January 1999 and will therefore not be included in the atlas.

b) TheBird Atlas of Swaziland (Parker, 1994) was obtained to be used as an example of the type of
data that could be included in anationd atlas.

Thefollowing spatial data was collected :

a) 1:250 000 topographic map of Swaziland (1989) (from the Census Department in Swaziland)

b) Thirty two 1:50 000 map series covering Swaziland (1991) (from Map Office in Johannesburg)

¢) 1:250 000 sepia transparency of the 1986 enumeration areas (from the Census Department, in
Swaziland)

d) 1:250 000 sepia trangparency of population digtribution in Swaziland (1986) (from the Census
Department in Swaziland)

€) 1:250 000 sepia trangparency of popul ationdensityinSwaziland (1986) (fromthe Census Department
in Swaziland)

f) 1:75 000 dialine copy of the provisond 1997 enumeration areas (from the Census Department, in
Swaziland)

g) IDRISI imagesfor present land use, land tenure, moisture zones, therma zones, agroecol ogical zones
and vegetation cover (from the Department of Land Use and Planning in the Minisiry of Agriculturein
Swaziland).

f) A 30arcsecond (nomind 1 kilometre grid resolution) Digita Elevation Modd (DEM) for Swaziland
(from ComputaMaps in Cape Town).
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2. Establish the extent of digital mapping activity in the Kingdom and other African countries.
Throughinforma interviewswithMr D.M. Lukhee (Census Commissioner of Swaziland), M s. Petrundla
Mamba (Statistics Department), Mr. Sean Johnson (Surveyor Genera's Office) and Mr. Sydney
Smdane (Surveyor Generd's Office), mapping activity in the Kingdom will be examined and
documented. Through areview of literature, examples of mapping activity in other African countries will
be established.

3. Atlas production

Datafor the atlas was captured on aPC witha486 processor usng PC ARC/INFO. Subsequent work
was carried out on a486 and a Pentium usng ArcView 3.0 and IDRISI for Windows. More detail will
be given in Chapter 3 withregardsto the methods of productionasthey will be examined in conjunction
with the problems experienced.

Thefollowing population coverswere captured:

1) enumeration areas - polygon topology from 1986 census enumerationmap (1:250 000 didine copy)
2) internationd boundary - line topology from 1:50 000 maps

3) regiond boundaries - polygon topology from 1:50 000 maps

4) towns - point topology from 1:250 000 topographic map

5) roads and railway - line and polygon topology from 1:50 000 maps

6) schools (training colleges and the University) - point topology from 1:50 000 maps

7) dectricity transmission lines - line topology from 1:50 000 maps

8) tourigt information covers.

a) border pogts, hotels, motels and lodges - point topology

b) golf courses, airdtrips, airports, hot springs, the mainwater sports dam, weaterfals renowned for their
natura beauty, Sebebe Rock, horseriding stables, the main roya residence, parliament and the nationa
museum - point topology from 1:50 000 maps

9) hospitals, clinics and hedth centres - point topology from 1:50 000 maps

10) mines (used and disused) - point topology from 1:50 000 maps

11) police stations - point topology from 1:50 000 maps
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12) post offices - point topology from 1:50 000 maps

Thefollowing environmental cover swere captured (the source maps are indicated in brackets):

1) bird speciesdigribution - grid generated in PC ARC/INFO with relevant information, as asample
2) forested areas - polygon topology from 1 :50 000 maps

3) nature and game reserves - polygon topology from 1:50 000 maps

Coversincluded in the environmental section of the atlas, but not created by myself:

4) land use (1994 data - from the Ministry of Agriculture, Swaziland)

5) land tenure (1994 data - from the Ministry of Agriculture, Swaziland)

6) moisture zones (based on rainfal amount, distribution, length of growing period (from the Ministry
of Agriculture, Swaziland).

7) therma zones - based on mean annud temperature (from the Ministry of Agriculture, Swaziland)
8) agroecologica zones - combination of physiography, moisture zones and therma zones (from the
Minigtry of Agriculture, Swaziland).

9) vegetation types (from the Ministry of Agriculture, Swaziland)

10) Digitd Elevation Modd for Swaziland (from ComputaMaps, Cape Town)

4. Critically assessthe process and methods used.
Thetechnical problems encountered during the production of the proposed Population-Environment

Atlas of Swaziland were noted in ajourna and will be used to assess the process.

5. Produce an open ended questionnaire for the authors of the Population Atlas of Kenya
(Fox,1995), ENPAT (Van Viegen et.al.,1998), the Digital National Atlas of Tanzania
(Shand,1996), Spatial Characterization Tool (Corbett et.al.,1997), and TourismPotential Atlas
of Swaziland (Van Riet,1998) to ascertain production problems and actual utility of the
product.

A questionnaire was sent to the producers of the Digital National Atlas of Tanzania (Shand,1997),
Soatial Characterization Tool (Corbett et.al.,1997), ENPAT (Van Viegen et.al.,1998) and the
Population Atlas of Kenya (Fox,1995) (see Appendix B). The questionnaire was conducted over the
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telephone for the producer of the Tourism Potential Atlas of Svaziland (Van Riet,1998).

6. Develop appropriate guidelinesfor atlas production in Africa
Usingthe problems experienced during the production of the popul ation environment Atlas of Swaziland,

input fromatlas producersand ingght gleaned fromrelevant literature, guiddinesfor the creation of digital
alasesin Africawill be suggested.
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Thesis Outline

Thesis Outline

This thess is divided into six chapters and is submitted with a compact disk (CD-ROM) holding the
population and environmenta atlas of Swaziland. Chapter Two provides areview of literaturereating
to issues surrounding the research. Technology utilization and development in Africa are examined and
Geographic Information Systems (GIS) questioned as appropriate technology for use in Africa
Examplesof internationa and African digital atlases are consdered, supported by anoverview of digita
mapping projectsin Africa. A descriptive account of the production process and problems encountered
with the creetion of the digital population and environmentd atlas of Swaziland condtitutes the bulk of
Chapter Three. This chapter is essentially a record of the results of the research. Chapter Four
appraises the production of digital atlases in an African context. To achieve this, an andyss of the
problems experienced inthe producti onof the atlasof Swaziland and three other Africanatlases, ismade.
The utility of digitd alasesinan Africancontext is apprai sed usng the atlas of Swaziland as a case study.
The capatiilities cited as examples in this chapter can be viewed by opening the atlas from the attached
CD-ROM and following the steps outlined. Chapter Five suggests guiddines for productionin an
African context followed by potential utilisstion of digitd atlases in the future. Conclusons have been
dravnin Chapter Six.
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"Cultural dependency means peoplein our country have to brush their teeth three times a day,

even if they don't have anything to eat” (Cardova,1984:31)

2.1 Introduction

This chapter attempts to set the stage for an appraisal of digitd atlas production and utility in Africa,
through a presentation of related topics from a variety of authors. Topics discussed include an
examinationintothe perceived role of informationtechnology (1T) indevelopment in Africasincetheearly
1980s. Factors affecting the successful utilization of IT in Africaare outlined, leading to the question of
whether or not GIS is gppropriate technology for the continent. To answer this question, current GIS
activity in theform of digital mapping projects and digital atlases in African countries are examined.

2.2 Per ceptions of therole of information technology in the developing world

In the 1950s and 1960s, access to information began to be recognised by researchers and decison
makers as a powerful contributor to nationa development. Reflecting onthistime period, Stover (1984)
dtates that a country or area without access to some sort of mass communication in the form of
newspapersor televisonwas seen aslacking the " capacity to devel op community projectsand deal with
community needs' (Stover,1984:7). Countries with poor communication networks do rely in part, on
word of mouthfor their informetiondissemination. Whilgtit may take longer, one could argue that the lack
of mass communication facilitiesin a country does not make the identification of community needs and
the development of community projects an impossble task. In the remote areas of Africa, rura
communities seem to be able to organise thar lives fairly well without the presence of eectronic
communicationlinks. One does have to accept of course, that to guarantee efficient organizationof dally

life as communities grow in Sze, the need for faster methods of information dissemination does arise.

In the developed world by the mid 1980s, "reliance on technology to performawide range of functions
[had] come to affect virtudly every sphere of human activity" (Rush,1984:35) with much researchbeing
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carried out on the role of technology in the identification and resolution of environmenta degradation,
unemployment, crime, resource utilization and service provision distribution. The links between
technology and the achievement of development gods was suggested by Rush (1984) to have
encouraged governments of the developing world to adopt some form of information technology.
According to Stover (1984), the use of computers for teaching became increasingly important in
developing countriesfrom the mid 1980s, holding the possibility of rdieving teacher shortages. The most
important tool a computer could provide developing countries with at this time, has been identified by

Stover (1984), as being the management of information in both socid and commercid Stuations.

Stover (1984) highlightssome of the main view points of the mid 1980s rdaing to the role of information
technology. I T used as ameans of communication, was seen as having the ability to contribute to social
development. For example, active involvement in the creation of alocaly relevant data set for use in
edablishing local gods and aspirations could be a powerful tool in uniting people in a community.
Information collected, stored, processed and disseminated provides the opportunity for the discussion
and exchange of ideas and culture thereby contributing Sgnificantly to education, organisation of
development projects and problem solving (Stover,1984). There islittle doubt that thisideais relevant
to African countries in the 1990s. IT was aso seen as having a role to play in the economic
development of a country. Used to develop and maintain a resource database for a country, IT il
holds the potentia to contribute to the creation of nationd guidelines for resource utilisation and the
outline of nationd prioritieswhichhave adirect effect onthe economy. Stover (1984) notesthat the rural
poor are often omitted when it comes to outlining national goals. One might fed that in many areas of
Africa, this is dill very much the case. The contribution of indigenous knowledge, perspective and
experience which could be drawn fromlocal people hasthe potentia to be of great vaue as suggestions
towards national development guidelines and objectives. Political development was seen as being
another area which could benefit from IT, through record keeping, evauation of public opinion, tax
collection and budgeting. This view has changed little in the 1990s with the ever increasing number of
governmenta departmentsin AfricardyingonIT.

Despitethe best of intentions, many African countries in the mid 80s did not succeed "inmobilizing...full
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sdentific and technol ogical potentia for constructiveeconomic devel opment” (Savane, 1984:372). Severd
authors have suggested reasons for this. Lyon (1988) notes that there were certain casesin which the
gpplicationof moretechnology, was entirely ingppropriate. Ghosh (1984) criticisesthe type of research
carried out in the developing world at this time as setting "forth solutions to problems for whichthere are
no users' (Ghosh,1984:45). Savane (1984) presents three diginguishing features of technologcal
researchevident inAfricain the eighties. The fird point states that much of the research carried out was
dill being headed by foreign workers and indtitutions, presenting the possibility of devel opment objectives
conflicting with those of the receiving country. The second point suggests that the scope of much of the
researchcarried out a University level, was exceedingly narrow and hed little to do withthe daly lives
of the generd populationin Africancountries. Accordingto Savane (1984) the reason why students often
embarked "on research projects devoid of any practica significance for their country [was] that many
of the univeraty teaching staff [were] dill foreigners’ (Savane,1984). The find observation suggests that
inthe rare cases whereresearch did have apractical use"the State may decideto oppose, or at any rate
minimize, the scope of discoveries whichif publicized might conflict withthe interests of highly influentid
businesscircles' (Savane,1984.373). All of these observations should be considered vauable to African
countriestoday asthey can be used as anexample of what to avoid. Bringing these observations into the
1990s, Goodchild (1992) notes in reference to the devel oped world, that whilst research carried out in
academic inditutions is generdly useful, it "is generdly poor a providing the means of implementation”
(Goodchild,1992:42). This could very wdl be the case in African countries as well. Bearing in mind thet
having foreign members of gaff lecturing in Universitiesis not necessarily abad thing, thetypeof research
carried out and its implementation could beinvestigated alittle more thoroughly if African governments

are concerned.

Lyon (1988:18) suggests that "information [was| not Steadily diffused inagenera way through dl socid
echelons’ during the 1980s. Despitethe fact that I T wasand dill isconsidered to provide " accessto new
aress of knowledge which [people could] useto better their welfare" (Savane, 1984:372), information
inAfricain the 1990sis till restricted to those who can afford the hardware and software required and
to those who have the skills needed to understand the information. The Internet has brought a number

of Africansintouchwithideas and cultures from the other sde of the world, but alarge mgority reman
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without the equipment or money to gain access. According to Woods (1993), much technologica
development in Africain the early 1990s has been focussed on market related gpplications such as
financid services, public sector management and the military. Socid gpplications such asthe diagnosis
of plant, anima or human disease, land use planning and management of resources have not received
nearly the same amount of attention. Woods (1993) accepts however that it is only recently that
computer hardware and software has become affordable enough for widespread use inthe socia sector
and provides a wedth of examples of computer technology put to use to foster socid development
initiatives in developing countries. In Bali, monks have beenusing computers to aid the expansion of an
old irrigationprogramme. In CostaRica, it is estimated that haf the children of school going age have the
choice of acomputer based education, greatly improvingaccesstoinformationfor both studentsand ther
parents, who aso make use of the IBM programme. An example of the use of computers used to Sore
demographic data and the occurrence of disease in remote villages in Peru, is given. These computers
are powered by solar pandls. Provided with initid ingtruction, the villagers have been able to make
continued use of the technology by identifying and monitoring seven common diseases amongst their
people. In the United States, interactive technology has beenused to teach US military Glswith limited
educeation, how to look after and operate sophisticated wegponry. The same type of technology has
gpparently aso been used on migrants; to teach the nomads of the Sahara, paddy field workers in
Bangladesh and people living in the hills of Nepa to operate equipment for oil drilling in the Gulf. If
computer technology has been successful in these countries, perhaps a closer ook at the case studies

should be carried out to see if there are any lessons that could be learnt for Africa

Some of the patterns which have emerged amongs the users of interactive technology have been
observed. According to Woods (1993), in genera people are no longer net receiversof information, but
have become processorsof information. I nteractive environments provide benefits of not only alowing
for learning-by-doing involvement, but can aso provide the most updated information to the user. The
driving force behind learning in an interactive environment no longer derives from a basic need, but
through curiogity instead. There is little stronger motivation to be had than that which comes from a
person wanting to carry out a task rather than being told to do so. Woods (1993) advocates the
improvement of existing communityinformationcentrestoincorporateinteractive technology. Whilst these
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centres provide reading materid to people, accessislimitedto those who canor want to read. Interactive
technology holds the potentid to "make these centres far more comprehensve and useful”
(Wo00ds,1993:91). An example of agricultura recommendations being shown in pictoria formto rurd

farmers isgiven.

The potentid use of IT in developing countries is often just that; potentid. In many areas of Africa, IT
utilisstionfails through excessive under-utilisation of computer systems which have been ingdled. For a
variety of reasons which will be elaborated on below, Ojo (1993) notes that some plans are never
actudly operationaised, projects are often abandoned and ingppropriate automationof certain functions
IS in some cases carried out. |ngppropriate software for desired applications and research results not
mesting practical expectations, dl contributeto the falureof IT utilisstionin Africa. The following section
describes Sx additiond factors limiting successful utilizetion in Africa

2.3 Factors affecting successful technological utilization in Africa

Palitical instability plagues numerous African countries for a variety of reasons. Thisingtability often
holds negative implications for information technology development in the affected countries. Kasongo
(1993) notesthat where monetary and humanresources could beusedto foster I T, they areinstead used
to support military efforts to maintain politica power. I T is labour saving; afeature which would not be
seenfavourably inareas of high unemployment. To maintain pre-independence promises of job creetion,
Kasongo (1993) suggeststhat some governmentswould undoubtedly resist investing insuch technology
for fear of losing popularity with the masses.

Political turmoil disrupts many devel opment projects, creating an unfavourable climate for progress. In
the instance that a new government takes over, any development plans made under the previous rulers
arelikdy, according to Kasongo (1993) to beignored. Thinking of the dvil war in Angolatoday (1998)
where people arefleaingfrom the rurd areas to avoid the fighting, and lifeinthe citiesisnot much better,
the progress of development projects smply cannot be certain.

In the 1980s, Rush (1984) notes that choosing the type of technology for a country, was highly
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dependent ona number of decision makers. These decisonmakers oftenapproached their choicefrom
entirdly different angles, having very different objectivesinmind. Thetransnationd enterprisesfor example
weremore likdy to choose technol ogy whichhel pedthemachieve thair ams of maximisng global profits,
whilst nationd firms were more likely to want technology which alowed for maximum profits at aloca
level. Redidtribution of wedth, modernization, increesng employment as well as the preservation of
power, may be the ams of a nationa government and their adoption of technology will be affected
accordingly. Other decison makers indude small firms, locd communities, and military forces. The
"digtribution of influence which each of these actors has over the available resources, and the coditions
which form between different actors, will be a sgnificant factor in the innovation and diffuson of
techniques and the directioninwhichdevel opment takes place" (Rush,1984:36). Thereislittledoubt that
thisis rdevant in African countries today.

Often when provided with the means to communicate, the government in power is tempted to control
information dissemination for their own means. If palitica intentions remain loyd to what is best for the
people as opposed to the party, IT could augment social awareness, result in mass mohilization and
increase the ability to meet basic needs by the government. In such a situation, governments would not
need to sabotage the technology as "gresater public support for the inditutions of the state and the
increased cohesion of the nation™ (Stover,1984:145) would follow. Incountries where governments are
used to controlling every sphere of life, the idea of the free flow of information can be abhorrent.

Information with restricted access is of little use to anyone.

Socio-economic concerns have the ability to undermine successful utilisation of IT in Africa Involving
the training of asmall percentage of people at highcost, 1T isblamed for widening the gap between rich
and poor. Kasongo (1993) notes that a reliance on the developed world for advice, has resulted in a
growing criticism that dependence on the devel oped world is being strengthened. Ojo (1993) suggests
that dependence on the devel oping world needsto be eased off, with the fostering of an indigenous IT
capacity. A common socio-economic problem affecting African countries today, is the loss of the few
people who have become skilledinI T, to thedevel oped world. This'braindrain’, isdescribed asa"crud
transfer of skilled labour” (Kasongo,1993:5).
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A third mgor factor, is the lack of skilled manpower. In Gl Sthe requirements are spatial knowledge for
problem solving and kills in usng computers. Expertise in terms of problem solving ability, decison
meking experience and computer tool understanding are of utmost importance according to Nyerges
(1993). The adoption of advanced technology often "requires the adoption of methods of management
and organisation employed in the so-called "advanced' countries’ (Rush,1984:37) and this requires
specific training. The cogt of training people is often too expensive, but "even the best technicd system
cannot execute better than its operators are able to achieve" (Kasongo,1993:6). A government hasto
weigh the costs and the benefits of running imported equipment and using imported personnd if neither
areavalablelocdly.

Degree courses in computer science and information sysems need to be intensified in many African
countries, possibly training people more inther |ocal language to ensure a compl ete understanding of the
work. Odedra (1992) commentson the courseswhichare avalladle in countries such as Ghana, Mdawi,
Nigeria, Tanzania and Zimbabwe noting that they are often criticized for their lack of practica training.
Limited fadilities make teaching computer courses dl the more difficult. Closer attention paid to the
curriculum may ensure a better trained and educated student, ready to fill the gap in the manpower

resource base.

In an informationsociety, the importance of ardiabdle infrastructur e is paramount. In African countries
telephone systems exi<, but in many casesthey are unrdiable with"'the entire telephone system crippled
after aranfdl" (Kasongo,1993:6). Gardner (1993) suggests that use of the latest telecommunications
technology in the form of cdlular communications, could be investigated. Power cuts are often
experienced in Africa, which interrupt work on computers which do not have their own battery packs.
On Christmas Day 1998 in Swaziland there were three power cuts during the course of the day without
thunderstorms being present. Uninterrupted Power Supply (UPS) systems have hel ped inthisregard, but
they aso increase the overal cost of equipment. Woods (1993) notesthat loca options such as the use
of solar or wind power could be considered as possible power supplies. Gardner (1993) notes that the
power surges can ruin IT equipment which is why many private houses in Swvaziland and possibly
elsawherein Africa, arefitted withvoltage regulatorswhichcut the power every time asurge is detected.
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Poorly maintained roads in many African countries hinder the transportation of fragile computer

equipment and in some cases result in the damage of expensive equipment.

Due to ardiance on internationa expertise, many Africangovernments do not have their own national
policy guidelines pertaining to decisons on the importation of computer products. Policy guiddinesare
especidly important to ensure that limited IT knowledge is not used to the detriment of the receiving
country.

Althoughwriting inthe mid eighties, lessons can be learned fromthe observations whichRush (1984) has
made with regards to the three forms of control inherent in technology transactions. Falling prey to any
one of these three, could have detrimenta effects on successful technology utilisation in the developing
world. The firgt is referred to as a direct sale where technology is purchased from capital-goods
producers. "Hrmsindevel oping countries buy in this form, either because it will give thema competitive
advantage in their product markets...or in order to survive against competitors' (Rush,1984:38). Being
pressured into making a choice, mistakescan be made possibly resulting inthe purchase of inappropriate
technology. The second formof sdeisaprocesspackaged sae whichhas an additiond feature attached
to it to attract the buyer. It isoften an "innovated component for which the seller has monopoly control™
(Rush,1984:38). The buyer inthis case is to a certain extent, at the mercy of the producer for continued
user support. Trying to ensure user support from overseas companies if not avallable locdly, has the
potentia to be problematic. Thisis why nationd guidelines are so important. The third form discussed,
Isthe project packaging sade. The developer of thistechnology is often dso a producer of the goods
and the "sler, therefore, has a greater interest in the way this technology will be employed and will
attempt direct control of itsuses' (Rush,1984:39). In this case, dependence on the producer is never
broken, bringing into question whether or not the technology redlly is appropriate.

Local investors often fed safer investingintransnational corporations thaninloca concerns, "whether or
not the technology islocaly appropriate” (Lyon,1988:112). Locdly developed technology is often seen
asinferior tothat purchased fromthe first world. If "Third World countries are to compete in the world
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market" (Lyon,1988:112), the purchase of moderntechnology appearsto be the means by which to do
s0. Asareault of this, transnationd corporations are some of the mogt sgnificant decison makersin the

choice of technology in African countries.

It is suggested by Savane (1984) that "national resources can be developed far more easily where
technologiesthat respond to genuine needs have been devel oped as areault of aproper research policy”
(Savane, 1984:372). Nationd policy guiddines could be used to ensure that governmental and non-
governmenta organisations are forced to carry out proper researchintotechnology choiceand use. They
could also be used to make sure that payment for equipment which isill suited to acountry'sIT needs
or isobsolete, is avoided. Used asachecklig, policy guiddines could monitor the degree of control hed
by a foreign body which may be purchased along with the technology. Bassole (1998) notes that
governments need to come up with anationa policy on IT utilization to make objectives and priorities
clearer. Although policies on the adoption of hardware and software are important, a policy on data
management will be one of the most important issues for African governments to address. The
development of nationd guiddines still may require advice from other countries, developed and
developing. India could well provide vauable input given their experience in the fidd.

Therearesocio-cultur al concernswhichmight hinder successful utilisstionof IT. Many sysems are seen
as "the product of arationdist Western culturewithamechanigtic world view based onthings rather than
humans - a culture quite far removed fromatraditiona African culture' (0j0,1993:36). If this observation
Is true, many software packages and programs may not be as successful in their use as expected.
Softwareis unlikdy to be writteninthe mother tongue of the user, and this could well affect understanding
and appropriate use. Culturdly, "for any technology transfer to be successful, the loca ways of thinking
and behaving must be taken into account” (Gardner,1993:15).

Misunderstanding the nature of the culture within which a system is adopted, can hinder the success of
itsuse. Kasongo (1993) mentions the fact that in African culture, the extended family plays a Sgnificant
role in society. A lot of pressureis placed on the individud, to supplement his income to support this
family. Inefficiency, low productivity and impaired concentrationon the job at hand could be related to
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this culturd pressure. It may be an environment whichis not conducive to the way in which IT operates
in the developed world. People are understandably reluctant to entertain dternative ideasonhowto run
IT systems profitably. If successis achieved in the developed world by following certain guiddines, it
would take alarge amount of salf confidence to suggest dternative methods.

Rush (1984) consders the adoption of technology from the developed world to have had adisruptive
effect on the fostering of an indigenous scientific capability. The suggestion is a vaid one. If one has
access to a product, why would anyone attempt to re-invent it. There is no need to re-invent software
and hardware perhaps, but Africancountriescould look at adapting what is available to suit their needs
alittle better.

Nyerges (1993) cdls for an increased understanding of human-computer inter action. Geographic
Information Systems (GI S) for example are being used eachday by awider range of people fromvarying
gtuations. The success of GIS tasks is often affected by the working environment the operator is
expected to function within. Environmental factors such as noise, temperature and lighting have dl hed
a proven effect on the productivity of operators (Nyerges,1993). Unfortunately many operating
environments are considered to be unsatisfactory in the African context (Shand and Silay0,1996).

Despite the adverse conditionswhichsome Africancountriesface, they are maintaining their path towards
technological development and are depending on information sysems to hdp them achieve their
development objectives. "It may be argued that deficienciesinthe use of IT are the least of the problems
of acontinent plagued by a history of exploitation, post colonid politica difficulties, bloody avil conflicts,
and extensve hedlith, educationa, demographic and economic problems...” (Gardner,1993:11). One has
to keep inmind however, the possibility that some of these problems could be dleviated through the use
of Information Technology.

2.4 Defining Geographic Information Systems (G1S)
According to Maguire (1991), Geographic InformationSystems arearecent phenomenon, not morethan
30 yearsold. The "recent origin and rapid rate of progress has not been conducive to the andyss and
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definition of GIS' (Maguire,1991:9) and the fact that GISisused by suchawidevariety of people from
different disciplines adds to the difficulty of its definition.

Geographic Information Systems have been born out of a variety of technologies and disciplines, namely
Geography, Cartography, Remote Sensing, Photogrammetry, Surveying, Computer Science, and
Statistics (Hobson,1993). The use of spatidly referenced data has meant that Geography providesthe
framework for GIS. The vaue of manipulating data within a GIS would be limited without the ability to
display resultsgraphicdly. Cartography not only supplies source mapsfromwhichdata can be captured,
but has provided the basis of graphic display available within GIS (Hobson,1993).

In an attempt at defining GIS, Cowen (1988) outlines four standard approaches. The process-
orientated appr oach focuses on the integrationof spatia datainto aninformation systems framework.
The system is viewed in terms of processes of input, storage retrieva, andysis and ultimately, output of
geographic information. Cowen (1988) argues that dthough this provides a good overview of whet is
inherent inaGI S, it istoo broad. The author argues that the production of adigitd atlas, whichrequires
input, storage, retrieval, analysis and output of information could by the above definition, be seen asan
operationd GIS. A digitd alasisaproduct created within a GI'S environment and is not necessarily a
stand done Geographic Information System. To arive at a more refined explanation, the application
approach attempts to define GIS in terms of the type of data that is used, namely "natura resource
inventory systems, urban systems, planning and eva uation systems, management command and control
systems and citizen specific sysems’ (Cowen,1988:53). This approach is praised for its display of the
scope of GIS, but is criticised for the fact that it does not separate GIS from other data processing
packages whichuse geographic information. The toolbox appr oach defines GIS interms of the specific
capabilitiesthat should be found inthe software, to carry out each of the features outlined inthe process-
orientated approach outlined above. Digitizing therefore could not be mistakenly defined asa GlS asiit
does not have the tools to andyse data. Findly, the database approach is outlined by Cowen (1988).
This approach takes the toolbox approach one step further by emphasising not only the need for the
existence of these tools, but the need for efficient interaction between the available tools.
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Definitions of GIS differ from one personto the next. A surveyor, an engineer or a draughtsman would
provide a different definition of GISthan a geographer or environmenta scientist might. The reason for
this is that the technology holds specific sgnificance for each discipline. Whilst a geographer may be
interested in the results of spatia analys's capabilities, the surveyor and draughtsman may focus more on
the ability of a system to speed up drafting and design processes whils maintaining precision and
accuracy (Huxhold,1991:xiv).

Hobson (1993) outlines six specific categories of questions whichcan be answered using aGIS. These
questions help define the technology. Using GI'S, answersto locationd queries can be obtained; the user
isable to identify a specific areaonthe map and ask 'what is a? the chosen location. Secondly, through
querying the database, the user can ask where a specific feature is on the map. Thirdly, spatid trends
over time can be identified. Fourthly, the user isable to identify the best, the shortest, the cheapest or the
most effective routes onamap. Thefifthcategory alowsthe user to questionany spatial paiterning which
becomes gpparent. Lastly, spatiad modelling can be carried out where the user asks 'what happens if?
certain conditions change. According to Fincham and Piper (1991.7) it is the ability to pose and obtain
answersto 'what if? questions which "takes GIS beyond the smple mapping level to decision support
satus'.

Three additiona views namdy, the map, spatia andyss and database views have been discussed by
Maguire (1991) in an attempt at defining GIS. People who support the map view focus their atention
on the cartographic capabilitiesof GIS; Tomlin (1990) isone advocate of thisview. The GIS is seen as
a map processing system where data sets are represented graphicaly in map form. These graphic
representations are referred to as coverages, layers or themes (Maguire,1991). The answersto queries
carried out are usudly displayed in map form. Followers of the database view according to Maguire
(1991) are more interested in the design and functioning of the database tool for complex queries of
geographic data. The spaid andyssview concentrates on the ability to model spatia andyds and is
suggested to be the most widely accepted view in the GIS community.

The best definitions may come from a description of what GIS is not. GIS is not a Computer Aided
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Design (CAD) or Computer Cartography package, it isnot aremote sensng systemnor isit a database
management system (DBMYS). GIS has in fact been described by Maguire (1991) as a subset of each
of these (Maguire,1991).

Thereislittle doubt that the principles of 'Appropriate Technology' would
be suited to the African situation. These technologies, aswithintermediate
technol ogies areexpectedto be"low in capital costs; they can be maintained
without ahighleve of expertise; and they do not involve patents, expensive
copyrights and royalties’ (Y apa,1991:41). The question that needs to be asked, is

whether or not the GIS technology defined above and digita mapping could fit withinthese principlesor
if African development initiatives are pinning their hopes on a dream. It has been argued that "Small
planning officesinthe rurd areas of the Third World cannot afford the capita costs of PC ARC/INFO.
It is not a technology that '...can be understood, controlled and maintained by villagers whenever
possible, without a high level of Western-style educetion’. It is grictly copy protected; its use requires
consultation and training, and fees for such services' (Y apa, 1992:47). With this in mind, one would
ddfinitdy consder GIS to be inappropriate technology in the more rurd areas of Africa. In the urban
aress however, the possibilities for adoption of the technology are stronger. Successful implementation
and utilization is evident in the ever increasing number of digital mapping projectsin Africa

2.51sGIS appropriate technology for Africa?

The developing world has been steeped in a debt crigs since the 1970s. Today, according to Y apa
(1992) alarge proportion of export earnings are spent trying to repay the interest that has built up on the
debt leaving little money for regiond devel opment projects. The effect of this onthe livesof those leading
a marginad subsstence has been consderable. On a continent where in many areas a sgnificant
proportionof the populationdill do not have accessto acleanwater supply, food, heathfacilities, shelter
or education and basic survivd isadaily god, theidea of pouring millions into computer hardware and
software does not seem just. One needs to question whether information technol ogies are appropriate

in Africa Of what use to people who are struggling to survive, isadigitd nationd atlas?
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The idea of technology playing a crucid role in the economic development of developing countries has
been atopic of discusson since the early 1960s (Y apa,1992). E.F. Schumacher produced the idea of
providing anintermediatetechnol ogy that would be "very muchsampler, cheaper and easier tounderstand
and maintain thanthe sophisticated, high technology of the West" (Y gpa,1992:42). Although theideais
dtractive, in redity, it has been dow to take off.

'Appropriate Technology' (AT) has become abuzz word when tal king about
advancing development in third world countries. Y apa (1991) describes
these technologies in a similar fashion to Schumacher as "low in capital
costs; they can be maintained without a high level of expertise; and they do
Nnot involve patents, expensive copyrights and royalties' (Y apa,1991:41).

Additiond criteria associated with appropriate technology include the ability to locdly manufacture
products through the use of locd materids and expertise. The technology is considered by Y apa (1991)
to be amply understood and controllable at village levd. AT is envisoned to create jobs, allow
community decisionmaking, rely on renewable energy suchas solar or wind power, be flexible to change
and have no attached roydty conditions thereby ensuring no future payments. Considering a GIS such
as PC ARC/INFO within this framework might lead one to believe that GIS haslittle rdlevance to the
idedls associated with appropriate technology. On the other hand, once the initid costs have been
covered, itissuggested by Y apa (1992) that GI S could become cost effective and complement theidedls
of AT in that these systems can be used to identify local resources (Y gpa,1992).

Deveopment projectsin Africaare becoming moreand morefocussed around locally available resources
with the hope of achieving self-reliance. It hasbeen established by Y apa (1991) that uncovering exactly
what these loca resources are takes a great dedl of intensive research. It hasbecome apparent that the
information-intensive research requirements might judtify the utilisationof GI S technol ogy to some extent.
Itissuggested that "GISis not simply atool for 'mapping’ resourcesthat are

self evident, but is an instrument for discovering local resources
contextually" (Y apa,1991:52). Combinations of data sets may provide the
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user with information which was never expected. There is the possbility that GIS
could provide information which would nulify the drawbacks of equipment costs, traning costs and
consultationfees. If GI S can fulfill these expectations, putting the appropriateness of thetechnology under
questionmay not be necessary. Once cost efficacy has been reached, GIS canthenbe measured for its
appropriateness dong culturd, social and economic grounds perhaps judifying its adoption in the
developing world context.

In loca development initiatives requests are often made for computer hardware and software with the
capability for database management and word processing. By the end of the 1980s the Botswanan
government realised its need to adopt more effective management systems to improve communication
between its various departmenta levels and search for a more fident means of retrieving and
disseminating information (Mogae,1993). By 1993, the computer systems which had been developed
were expected to help the government ensure greater efficiency in resource utilization, improvementsin
genera services to the public, greater efficiency in revenue collection and increased control over the
government budget (Mogae,1993). In his opening address at a conference on Information Technology
utilization in developing countries, Mogae sad "we, in Botswana, are in the process of embracing that
technology, and are only beginning to learn about its cost and benefits' (Mogae, 1993:ix). According to
Y apa (1992), requests from planning officesin loca areas have extended from database management
systems and word processing to automated map production, map analysis and GIS capabiilities.

Dataavailahilityin Africais particularly poor and "the lack of datais one of the biggest sumbling blocks
when implementing a GIS" (Stadler,1997(a):18). Bassole (1998) notes that a lot of data relating to
African countries can ill be found in Europe. Aeria photographs for example can be found in the
mapping archives of the former colonizing countries. Evenwhenspatial data has been captured, there is
very little data sharing between organizations in Africa. As a result of this much data capture work is
duplicated, emphasising the need for a nationa database. Van Rensburgand Dickinson (1992) suggest
that the key to success of Gl Sliesinthe establishment of aflow of informationbetween departmentswith
apossble future vison of agloba database network.
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Ghanaisdescribed assuffering from"aninformationdrought” (Fry,1998(a):27). A population census has
not been carried out in the capital city snce 1984 whenthe populationwas set at 1.7 million. The mayor
indicatesthat he thinksthis figureismorelike3 million. The absence of cadastrd datais reported by Fry
(1998(a)) as hampering the work of builders and engineers who have no centra location to turn to for
infragtructurd plans of the city. The effects of this lack of information will undoubtedly be reflected
socialy and economicdly. In Stuations where there is a severe lack of data, "GIS is a non-starter”
(Fry,1998(a):27). In an attempt to rectify this data deficit, the country is on a path to data collection.
Once captured, the data can serve as a platform from which future work will be carried out. The type
of datathat needsto be captured should not only relateto the city dweller. Inthe eighties, Savane (1984)
stressed the importance of providing rdevant informationto people a village levd. Thisisa point which
needs cons derationtoday and if taken serioudy, would go along way towards justifying the use of such
technology in Africa

ALCOM, the Aqudic resource management program for Loca Communities is an example of a
database which is adapting to the African environment; it could hdp dassify GIS as an appropriate
technology in Africa. Fishspeciesdatardaing to Maawi, Tanzania, Zimbabwe, Zambia, L esotho, South
Africaand Swaziland are being fed into a huge database. Datafor Angolaand Swaziland was noted by
Verheust (1998) as being extremdy limited. The results of the research are available on the Internet as
well as on CD-ROM where "dickable maps adlow fast queries to the Surface Waterbody Database”
(Verheust,1998:pers.comm.). Dueto the expense of GI S software suchas PC ARC/INFOand IDRISI,
and the expense of training manpower to operate the systems, the smplest system is used. WINDISP,
afree programdevel oped by the FAO, isused for digitizing. MapViewer isused for mapping inaddition
to a Lotus approachto custom written software. It was noted by Verheust (1998) that thereis the redl
risk of training people to use PC ARC/INFO and ArcView and then losing them to the private sector.

Thereislittle doubt that the success of a GIS also hinges on the experience of the user, and the ability
of Africancountriesto provide askilled workforcewill play arole in determining the appropriateness of
GISinAfrica Woods (1993) notes that the business sector tends to spend large amounts of money on
traningitspersonnel, and it has been suggested that this sector should support the programmesthat are
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run in schools and universities to improve the kills base. "A utility able to ddliver information and
customized learning materids wherever and whenever needed is of interest to every organization with
large educationa and training respongbilities’ (Woods,1993:89). Van Rensburg and Dickinson (1992)
support the call for operators having an in depth understanding of the capabiility of the system in front of

them.

Y apa (1992) describes technologies designed for conditions of capital availability and scarce labour,
which continue to be bought by Africancountries. The main reasons for thisis that Western companies
are not developing intermediate technologies and understandably want to sdll the products that they
aready have. Many deve oping countries spurnthe ideaof intermediate technology asit hasthe attached
gigma of being inferior to the more 'high tech' equivalents. Stadler (1997(a):18) suggests that "The
success of GISinAfricais not through Europe. The futurefor GISin Africawill come from South Africa
and not from anywhere e 2. Perhaps amore locally based GIS industry in South Africa could indeed
supply Africancountrieswithmore affordable, locdly relevant software and hardware, setting GISinto

amore gppropriate framework in the African context.

2.6 Digital mapping projects and databasesin Africa

AfricaSouthof the Sahara has been described as "aregion full of contrasts: frompockets of firgt world
development to areas of socia and economic devadtation™ (Stadler,1997(b):12). This descriptioncould
well be gpplied to the entire African continent. Ironicaly, salvationfor the poorer areas may in fact liein
these so-called 'pockets of fird world development'. It is in these areas that developmentsin IT are
increasngly being rdied upon to help achieve economic and socid upliftment in the poorer areas. More
specificaly, GIS is playing an increasingly important role in managing loca resources and improving
decisionmeaking ingovernment departments. Looking at the results of projects whichhave actudly made
use of Gl Stechnology, may go along way to establishing whether or not GlShasaroleto playinAfrica

Inthis section, examplesof digital mapping activity ina selection of Africancountrieswill be outlined. The
examplesgivenshould serve as anilludration of the type of work which appears to be achieving success

in the African context. Thisis not an exhaugtive review. A discusson of digital atlas work in Africawill
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be made in the following section.

2.6.1 Botswana

In astudy carried out in the early 1990s by Nkambwe and Arnberg, (1995) concerning data flow for
andysing land use competitioninthe Batlokwatribal areainBotswana, several pertinent issuesarose with
regardsto GIS utilization. A number of organizations, both governmental and private needed accessto
the same data for arange of applications. GIS was chosen as the means for improving the data flow

between organizations and departments.

In the triba territories of Botswana, records of land ownership and land use reied on community
recollections and poorly run land boards. Increasing pressure on the land in the Batlokwa tribal area,
cdled for a more organized means of recording land ownership and use. The land board of Batlokwa
tribal area had three sets of uncoordinated land datarelating to resdentid, arable and grazing land use
for certain zones. The datawas incomplete and was not used to draw up any land use guiddines. Asa
result of this, control over the use of land was dmost non existent. Thetriba chiefs dthough important
members of the community, were not given any access to land use data and as a result, viewed any
government offidas withsuspicion. Although land officerswere working on different aspects of land use
in the area, they dl indicated that they would do their jobs better if they had access to all the data
pertaining to land useinthe area (Nkambwe and Arnberg, 1995). An ARC/INFO database containing
20 layers was developed dlowing al officers access to the same data thereby attaining the potentia of
GISto "tear down the walls that heretofore separated those departments and to create one model of the
rea world so that decison making and control [could] take place”’ (Nale,1992:52). The GISin addition
to this, hasimproved accessto awider informationbase. Thegragphic abilitieshave made decisionmeaking
eas er and the ability to update informationwithfacility has been greetly appreciated. The most important
benefit however, has been "the possibility to improve and integrate relationships among scientists in the
fidd and those decison makers who can be classfied among the potentid users of the sysem”
(Nkambwe and Arnberg,1995:119).

The use of GIS in land use management is just one example to be found in Botswana. A more recent
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example canbe found inthe activities of the Department of Water Affairs. This department has made use
of GIS to hdp monitor the consumption of water and record consumer patterns. The integrated
information system has pinpointed areas of inefficiency and dlowed for huge moneary savings
(Stedler,1997(c)).

2.6.2 Ghana

According to Mensah and Nyamekye (1998), road departmentshold a multitude of spatid datawhich
could be used more effectively in planning. However, in Africa"due to the high cost of using traditiond
map-makingtechniquesfor updating spatia data’ (Mensahet. a.,1998), gatheringand managingthistype
of datais severdy lacking. The latest avallable road map used by the road departments in Ghanawas
produced at ascae of 1:50 000 by the Surveyor Generd's Officein 1973. Due to the lack of up-to-date
information, the Department of Feeder Roadsisinefficient in its maintenance of the country's roads.

Developments in remote senaing and Globa Positioning Systems (GPS) technology are highlighted by
Mensahand Nyamekye (1998) as a means through whichspatial datacould be updated cost-effectively.
A pilot sudy of the use of these technologies was carried out by the Remote Sensing Applications Unit
inthe capital dity, Accra. Roadswhichwere not vishble onthe remotdly sensed imageswerelocated with
the useof GPS. At the culmination of the project, 216 km of roads unrecorded onthe traditiond paper
maps, were captured usng GPS and GI S technologies. Through the use of desktop GIS, the database

has been made accessible for use on a PC.

2.6.3 Zambia

Inthe capital city of L usakain Zambia, a problem regarding waste disposal isreported by Chirwa (1997)
as having reached serious proportions. Non-hazardous solid waste has apparently been thrown along
with toxic hospital waste a indiscriminate locations within the city. Budget cuts and population growth

have been blamed for this breakdown in municipa services.

The Lusaka City Council had recognised the seriousness of the Stuationin 1995 when they investigated
the use of GIS to locate the best Stes for burying the problem waste. Using alist of criteriarelated to
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water bodies, trangport areas, resdential zones and geology, the most suitable sites were pinpointed.
Chirwa (1997) reports that the pilot study took atota of two months to complete. The project was at
the time the article was written, going into a second phase where additiond criteria were being entered
into the GIS to help formulate a proposd " of waste management scenarios, based on their estimates of
Lusaka's present and future waste disposal needs’ (Chirwa, 1997:25).

2.6.4 Zimbabwe

The Department of the Surveyor Generd in Zimbabwe has been working hard at developing a nationd
spatid data infrastructure (NSDI) since 1996, whichwill serve as an accessible pool of information for
any GIS rdated attivity, or land planning project (M atambanadzo,1997). According to Matambanadzo
(1997), Zimbabwe is at the forefront of southern African countries with regardsto thistype of digita
automation. The cadastral records being digitised are hoped to reduce duplication of work and "improve
the quality of the information and make dataretrieval eeser” (Matambanadzo,1997:20). Much of the
NSDI reliesoninput from projects whichare funded by foreign governments. The Zimbabwean'blanket
project’ set to produce DTMs and image maps of the country for example, was funded by the French
government. Mr JohanL emarchand wasinvolved with digita mapping, remote senaing, orthophotosand
GIS applications in conjunction with the Department of the Surveyor Generd. He managed the
production of a series of tourist image maps for the country (Lemarchand,1998:pers.comm.).

Surveyorsinthe country are redising the importance of the developing the NSDI and areinthe process
of automating their processes. Measurements made in this fashion would be a vauable contribution to
the nationd database. Surveyors are seen as the key to greater accuracy in future GIS. They are
congantly in the field making accurate measurements of land areas. "Therewill never be a cheaper way
toget accurate datafor GI S use thanto capture it whena survey has been performed for another reason”
(Keeting,1992:34).

2.6.5 Mozambique
Towardsthe end of 1997, Mucumbo (1997) reported that there wasinterest expressed by Mozambique
in updating cadastral records. The main objective of the project, will be to create a land information
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system for the entire country. The World Bank in conjunctionwiththe M ozambicanNationa Centrefor
Remote Sensing and the nationd mapping agency of France, have been working on a project mapping
land usefor the Rura Rehabilitation Programme. It ishoped that the project will provide clarity to tenure
issuesand land ownership. The results of this project have beenprinted as hard copy mapsfor incluson
in the Nationa, Provincid and Didrict Cadastral Atlas with the data kept in digital format awaiting
incluson into the main GIS program (Mucombo,1997).

2.6.6 South Africa

GIS has found its niche in South Africa, being used in township planning, mapping of malaria, security
monitoring, and game tracking to mention a few. In atownship caled Atridgeville, a GI'S has been set
up to provide the community, the emergency services and shop owners with information. It has been
noted that "one of the problemswith GISisthat it is often too complicated inthe development context"
(Reporter,1997:10). In this example however, the system has been smplified in abid to makeit easier
to use. The Graphicd User Interface (GUI) has been amplified with only the relevant tool buttons
remaining and the user interface is displayed in four possible local languages to aid understanding. The
amplified screenand choice of locd language hasreduced the time that would otherwise be required for
traning.

Theinformation available includes a base map indicating spaza shops, tuck shops and genera dedlers
(Reporter,1997:10). A spaza shop isa South African term which refersto atype of loca café in which
one would find alimited number, but awide variety, of goods from sogp and toothpaste to vegetables
and swesets. The visud representation of these shops and general dedlers isexpected to befairly familiar
to locd people and may provide access to local input with regards to information. People who are
illiterate hold vauable loca knowledge which if tapped, would enrich the information system
(Reporter,1997).

In two other examples the diversty of GIS use in the country becomes clearer. Fry (1997) writes that
Gl Shasbeen used to map the geographic spread of studentsregistered at the University of SouthAfrica
The driving force behind this being the perceived need for identifying appropriate locations for
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examination centres, support centres and assgning tutors to areas. In the Kruger Nationa Park, the
behaviour of mae lions has been monitored using GIS according to Fry (1998(b)). The project has
gpparently givennew ingght into the hunting habits of the mae lionto interested parties. It took two years
to collect the rlevant ecological datasuch asrivers, water holes, vegetation etc. dong withdatarelated
to different animals.

Maariais adisease which has gripped the people of Africafor years. Reported by Stadler (1998(a)),
adatabase isbeing built to map the occurrence of the disease for the first time. The project isapparently
expected to be completed in 2000 with the production of an Atlas of Mdaria in Africa The GIS
gpplicationis particularly good at ng seasond occurrence of the disease. Within fifteenyears, the
project is expected to be established enough to be able to effect a sgnificant impact on the soread of
malaria on the continent (Stadler,1998(a)).

In the rura areas of the country, farmersare baing forced to adopt more effective security sysems. GIS
is being used to map information such as farm boundaries and farmers names. In the case of an darm
being triggered, the farm in distress is immediatdy viewed on screen. In time it is hoped that the
information fed into the database could dso be used as a management tool for the fam
(Reporter,1998(a)).

It is suggested that the "absence of a common national data set is one of the sumbling blocks to the
growth of effective GIS in public and private sectors' (Stadler,1998(b):34). The work being carried on
behdf of the South Africangovernment for the 1999 dections could go along way towards contributing
to a nationad database that could "provide a sound spring board for future developments'
(Stadler,1998(b):34). The level of detail being collected by fidd workersis considerable. Features such
as availability of transport, eectricity or telephones are recorded by field workersin villages. The data
produced will ultimately be sold at a cost set by the Treasury depending on the nature of the user.

2.6.7 Swaziland
In June of this year (1998), a cadastral database project covering the entire country of Swaziland, was
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completed. The project was sponsored by the United Kingdom's Department for International
Development (DFID) and provided ESCOM, the Mbabane City Council, the Water Services
Corporation of Swvaziland and a Johannesburg consultancy firm with portions of raw data. The data
indicates dl land divisons and holds information that would otherwise have to be looked up in the
cadadtrd files kept in the Department of Works (Johnson,1998:pers,comm.). An example of the type
of information that is included would be rights of subdivigon of the land. In July, the DFID donated six
computersto sart off adigitd mapping project which it is hoped will ultimately provide digita data for
the entire country.

A risk mapping project was undertaken in the country at the end of 1997, funded by the European
Union. The am has been too improve the identification of areas and sectors of the population who are
vulnerable to drought. The computer software Risk Map was developed by SCF-UK. Three field
workers were trained over severa days, to collect information and familiarise themsdves with the
software. Ultimately, it was hoped that amap identifying food economy zones would be produced and
overlad with an adminigrative map of the country. With this overlay, identification of vulnerable
populations would be possible (Holt,1998).

2.7 Learning from applicationsin the developed world

Inthe United Kingdom, according to Wain (1997), GIS has a Sgnificant role to play in the Nationa
Hedth Service. The hedthindustry hasawedthof spatia datawhichwhen collated has the ability to be
extremely ussful; it is hoped thet the database will be able to detect the incidence of disease early in life
and rdaeit to lifestyle habits. Presently, service provisonand itsquality is monitored through the use of
the technology. Studies suchasthese could draw their basic data suchasroad networks from a nationa
archive substantidly decreasing their overheads during data capture. Service provision in the form of
access to doctors and family planning is a significant area in which Africa could make use of these

technologies.

In 1993, Simkowitz (1993) reported on the use of desktop GIS in traffic analys's zones by the United
States Census Bureau, using graphics on ther computer screens "not on maps pasted to officewdls'

40



Chapter Two - Literature Review

(Smkowitz,1993:38). Additiona information layers have apparently been added to the database to
enhance trangportation planning. The GIS is being extended to gpplications induding identification of
magor accident zones on the country's roads, assessing access to public transport for people and
designing more efficient bus routes. Public transport could be improved in many African countriesif a
database suchasthis was available and plannersknew howto manipulaeit. It ishowever one application

which might not hold as much urgency as others.

Writing from the Guif state of Qatar, a country in the Persian Gulf, Lang (1994) reported on a Situation
being experienced where alack of coordinationof departments resulted in seventeen agencies updating
the same base maps. Having identified this, a central mapping agency was appointed for updating maps.
This not only ensured an diminationof work duplication, but also ensured that mapping standards were
uniform. Thereislittle doubt that African countries need to improve the datathey have of ther territories
and suchaproject would be welcome. Withinfour years, anationd digital map database was completed
in Qatar and is "avalable to dl government minidries across a high-speed network and serves as a
foundation for public access to many map products’ (Lang,1994:44). The design of the system was
caried out using input from each director in the government. The ARC/INFO and ORACLE software
adopted for the project were trandated into Arabic and data was made available in read only format
acrossthe network. The datawastobemadeavailableto other government agencies. Mapping products
ussful to the public in generd and to organizations, have been developed. Such products include an
electronic place finder, street network data for taxi, fast food and arange of other ddlivery companies,
and an automated map production system. People may well have access to free sanding kiosksin the
future, in order to tap the information(Lang,1994). The centralised database al o providesthe basis for
an education project where CD-ROM products are used to increase the geographica awareness of the
country.

In the United States there has been a definite trend towards the marketing of pre-packaged databases
which are easly integrated into GIS programs (Parent,1992). These data sets include covers such as
business point location data, crime statistics and educetion at city or county scale. This type of readily
avalable information according to Parent (1992) has provided a sgnificant number of people with
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information. In an African context there may not be such aready market for thistype of product due to
itscost. Nationd archives of digitd datain Africancountries should ultimately amat providing userswith
this sort of data. If necessary anomina standardised fee could be charged.

Remote sengng was identified at the Rio De Janeiro 'Earth Summit' in 1992, as"asource of information
to build up agloba environmenta database’ (White,1994:295). Examples are given by White (1994)
of remotely sensed images providing detailed information on features such as oil dicks, air pollution,
deforestation, aswel as providing the abilityto monitor ozone depl etionlevels and effects of disturbances
on the environment such as the Gulf War. Burning of the veld in Swaziland has become a yearly ritua
despite pleasfromconservationists and government to refrain from starting fires. Believed to encourage
the growth of nutrient rich grass, cettle owners often ignore the pleas. If the results of a study on the
effectsof fireonthe land were conclusive, the results could be shown to the rurd cattle owners, making
full use of visudization capabilities. Forecasting the effectsif burning continues, could be made apparent.
In agraphic format, the possibility of misundersanding through language barriers or illiteracy, would be
reduced.

According to Mortimer (1992), English Nature, an organisation set up in the interest of preserving and
promoting England's naturd heritage, has made use of GIS with integrated remote sensing since 1988.
The kind of data collected and stored includes point data for the mgjor habitat locations, species
distributions and boundaries captured from remotely sensed data, aerial photography and paper maps.
Anadditiona use of remotdy sensed data has been outlined as being used as backdrops to topographic
map data. The distances are so vast in Africa, that if cost-effective remote sensing could be used to
capture data on these areas thereby improving data avail ability.

According to Barnes (1992) 127 millionhectares of Europefal under an ‘agriculturd’ classfication. The
contribution of agriculture to an individua country's GNP varies. With the need for relidble data on
productivity of dl agricultural communities within the European Community (EC), this "Pilot Project for
Remote Sensing Applied to Agriculturd Statistics’ (Barnes,1992:183) was implemented. GIS has
gpparently been used extensvely asameans to predict crop yidd through monitoring of the crop qudlity;
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aproject which is part of amuch larger vison of the Council of Minigers in the EC. In aGIS related
project already mentioned for Swaziland, aress likdly to suffer from alack of food due to drought have
been identified. If areas of optimum growth for certain crops could be identified, the possbility of
avoiding food shortages in certain African countries, does exig.

According to Loxton (1996), whilst GIS has shown its use to locd authorities in the United Kingdom,
"the GIS indugtry is confident of the usefulness of this technology in financid indudtries like insurance”
(Loxton,1996:8). The specific areasinthe insuranceindustry which have been targeted for involvement
In GIS are underwriting and risk management. It is estimated that 85% of insurance company data is
gpatid in nature and yet only 2% of it is actudly utilised, "in other words businessis dragticdly under-
using a vauable resource’ (Loxton,1996:8). Underwriting apparently involves the assessment of
aggregated risk necessary to ensurethe cover isaufficient. At Lloyds, ERAS Mapisusedtoanalyserisks
such as geological hazards, property in trangt and terrorism. In another application, detailed soils data
collected by Cranfied Univergty in combination with additiond data is being used by underwriters to
assess " how vulnerable structures are to risks' (Loxton,1996:9) such as subsidence. Loxton (1996)
reminds the reader that insurers will beinterested inthe interpreted data set; the information rather than
the raw data set.

2.8 Learning from the limitations experienced in the developed world

Countries of the developed world have the most experience when it comes to GIS applications.
Assuming that these countries have mastered the use of GIS smply because they are the producers of
the technology, would be entirely inaccurate. There still appear to be teething problems with the
technology. Through a consideration of these problems, there may be severa lessons which could be
learnt by the devel oping world when trying to goply the same technology to their Situation.

It has been suggested by Campbell (1994) that in reality we know less about the actud impact of GIS
inour livesthanwe think. In 1992, a study was carried out on the Britishloca government to determine
the actudly efficacy of GIS. British local government was identified as one of the most Sgnificant users
of the technology.
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The resultsof the study showed that many systems were underutilised with gpplications focussng on one
particular department’ sneeds. Most departments used GI S for automated mapping functions neglecting
any complex andyss - a Smilar pattern was revealed in Swaziland. Due mainly to a lack of skilled
people, GIS is used to produce land use maps with no analyss being caried out (Van
W averen,1998:pers.comm.). Because of the time it takes to capture data and fully understand the
capabilities of the sysem, most departmentsaccordingto Campbell (1994) had fdt little impact fromther
GIS. It wasredlised that to benefit fully from GIS, the system had to be implemented over a period of
time taking careto cover three conditions. Firdtly, the resources of the Department have to be takeninto
acocount when outlining the end user requirements. After dl, a"technically degant sysem s of little vaue
If it producesinformationnobody wants' (Campbell,1994:316). Secondly, acommitment to the project
is needed from dl leves of the Department. To achieve this, dl saff need to have asay in the policy
design which necessitates communication between managers, computer specidists and users. The
introduction of GIS was found to cause ingtability with people unwilling to adapt to change unless the
benefits were clear. Change canbe seenas a threat rather than an opportunity. Securing the support at
dl levds providesthe third essentia condition, of organizationand stability inthe workplace. Peel (1997)
consders the gaining of support from the people within an organisation to be important to the success
of aproject. The benefitsof aGIS are often only gpparent after the full system has been developed and
congdering the time and cogt this requires scepticismislikely to develop. Ped (1997) adds that once
the system is functiond, its continued use is dependant on maintaining and updating the database.

Campbell (1994) noted that data sharing was seen to be severely lacking in her case studies of British
local government departments. Thisis a problem common in Africaas well. The data produced in one
department was not considered to be significant enough to warrant access from outside interests. The
only data setsin demand, were automated mapsfromthe Ordnance Survey and their census data. The
necessity for pooling information whether or not one thinksit may be useful, is necessary. If information
Isnot accessible, thereisthe red danger of data duplicationwasting va uable time and money. "While the
advantage of GIS must be sdf-evident to usersthe complexity and sophi stication of the technology must
be virtudly invisble' (Campbell,1994:317). Conditions for GIS ingdlation and use need careful
congderation to ensure it does not end up on the rubbish heap of technologica obscurity. Likewise,
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African countries redlly need to weigh up their reasons for adopting this technology.

With regards to data acquisition, Pedl (1997) highlights the fact that cultura barriers between different
departments can cause delays. When permission for accessis granted, legal conditions attached to use
of the data can dow data processing down. Much attribute data has to be retrieved from paper files,
which istedious and time consuming as some datais 'lost' in the system, with no one quite sure where
to begin looking for it.

The need to have a GI S professiond withgood communicationskills, heeding the teamwas emphasi sed

by the Sedgemoor Didrict Coundil in the United Kingdom. This district council aimed to build a
corporate GIS within two years; a goa which was unredigtic. "Even with al the necessary technicd

knowledge and experience, nothing can quite prepare you for the complexities of implementing GISin

such a diverse organisation” (Peel,1997:19). Statements such as these are worrying inthe case of a
developing country where expertise canbe at apremium. Whilst thereisa GIS specidigt in the Minigtry
of AgricultureinM babane, Swaziland, he would be unable to head afull GIS program in his department

without a trained teeam behind him.

According to a report written by Davidson, et.d., (1994), GIS technology has had an increasngly
important role to play inrura based land use development projectsinthe developed world. The primary
uses for these information sysems outlined in the report, were policy production in land use,
environmental impact assessments, retail planning, and monitoring of landscape change. Severd
development proposals have been assessed through full utilization of the visudization fadilities of digitd
terrain models available for use within GIS (Davidson et.d., 1994). Thetime takenand cost involved in
datainput however, hasbeenhighlighted in the report as amgor drawback in the routine usage of GIS.
If too costly for developed countriesto use, the sustained use of amilar technology inthe African context
is unlikely to be aredidtic god. A natiiond archive of information given time to grow might in time
however reduce the amount of data needing to be captured in adigita format. Nationa digita atlases
could act as archives, or the basis of anationa database from which developers could obtain portions
of their required data st.
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2.9 Factorsto consider when working with GISrelated projects; accuracy issues

An agppreciation of the inaccuracies inherent in GIS related projects is essentid to ensure a balanced
overview to the reader. "Congder the "perfect” GIS world of the future. The base map would be
accurate and geodeticdly correct. The datawould beavailableincompatible formsand formats. The GIS
would be maintained and current. Information from state boundaries to 3-D models of grocery stores
would be included. That isthe future. Where are we now? Consider the base map and how accurate it
IS" (Kesting,1992:32).

According to Cakins (1990), organizations and companies have been capturing data for the creation of
digital databases for over 25 years. The ever increasing utilization of digital mapping and computerized
andyss has required the conversion of data into a computer compatible format through a variety of
processes. Dangermond (1990) encourages the consderation of the training, the manhours, the energy
and the effort put into successful data capture, as a pathway to understanding that the most expensive
part of a GIS could well be the digita datawhichis created to usewiththe sysem. Despitethe time and
costs associated with data capture, there is often limited attention given to the actua qudity of the end
product. Whils "most data gathering disciplinestreat error as an embarrassing issue to be expunged, the
error inherent inspatia data deserves closer atention and public understanding” (Chrisman,1991:165).

Thereare severd possible sourceswhichcould provide a Gl Swithcompetible digitd information, some
of which are likdy to hold consderable error. "Cartographic generdization...can affect locationd
accuracy to a great extent. Features may be displaced and their origind shape may be distorted"
(Muller,1991). Computer Aided Drafting systems capture e ectronic maps which can be integrated into
a GIS. In this case the user relies on the level of accuracy decided upon by the producer of that
information. This became gpparent inthe use of digita maps obtained from the Minigtry of Agriculture
in Swaziland. These maps have been captured fromthe 1:250 000 topographic map of the country and
whenoverlayed with coverages captured from1:50 000 mapsof the country, a considerable discrepancy
between the two international borders exigts, km.

46



Chapter Two - Literature Review

The mgority of spatial data, especidly in the African Stuation, exigts in paper map form. Digitizing,
scanning or photogrammetry can be used to capture data fromthese paper mapsinavector (line) format
with linksto related spatid and non-patid attribute data. Dangermond (1990) notes that inaccuracies
in the base maps may be repeated in the resulting digitd product. Image processing systems such as
remote senaing and satdlite imagery are able to capture imege data in a raster format providing an

accurate data source where error can be introduced only through incorrect anaysis.

Vey little digital data of African territories exists and as aresult of this, African countries utilizing some
sort of GIS system are often forced to begin data capture from scratch using manua digitizing or
scanning. Most of this cartographic data captureis carried out by manudly digitizing available traditiond
paper maps. Manud digitizing appearsto it the Africanenvironment asit offers "low capita cost, low-
cost labour and greet flexibility and adaptability” (Dangermond,1990:223). Although modern software
capabilities ensure that some errors are identified in the digitizing process, flawless digitizing is not
possible. Manud digitizing canintroduce positional errorsinto a database whichthe user should be made

aware of .

The susceptibility to sweling or ghrinkage of the medium from which the data is being digitized can
determine how mucherror is introduced into the digita product. An expansonof 2mm onthe map could
mean a difference of metres on the ground. Creasing of the base map during digitizing will also affect the
level of accuracy attainable. Editing the coverage, for example moving nodes which have not snapped

together, aso introduces amargin of error.

The source maps used in data capture have often been compiled by different draughtsmen at different
times, and to varying levels of accuracy. "The map as a communication medium involves the use of
processes such as selection, classfication, digplacement, symbolisation and graphic exaggeration”
(Cassettari,1993:24). Digtizing repeats these characteristics possbly augmenting any exising
exaggeration.

Capturing obsolete data is unavoidable in some cases. Paper maps are static in nature in that they
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represent the data that was present at time of production. Additiond fieldwork could be the only way
to update these maps. Humanerror isunavoidable in manud digitizing. Migtakes in the digitizing of lines
are inevitable especidly if the operator is disturbed or hisher concentration falters during the process.

Scanning base maps offers an opportunity to capture data from a base map automaticaly. Although
"trandation of the most complex magp into digital form via the scanner represents no specia
problem,...intelligent identification of the cartographic eements present in the drawing will require very
high kills on the part of the software designers' (Peuquet,et.al.,1990:216). Traditional paper maps
consst of amixture of line, areaand point data.as well astext. Line data on paper maps oftendiffersin
width and style (for example adashed line indicating a district boundary and asolid line representing a
road), lines often cross or meet and some features are differentiated with the use of colour. The best
document used for scanning would be one that holds uniform line widths and is modly error free from
the start. Editing scanned documents can be so time consuming and expensive "thet it may well be better
to use manud digitization, with the operator using hisintelligence to select line endpointsdirectly, and to
select intermediate pointsto specify smple curves' (Peuquet,et.al.,1990:221). The expense of scanning
base maps may preclude African users from using the technology.

Accuracy achieved by manud digitizing is deemed acceptable by planners, but if this accuracy could be
increased without putting the cost of GIS out of reach, the option should be considered. Depending on
the user, map accuracy requirements dter dramatically. Map scale requirements have beendivided into
four broad categoriesby Nale (1992) fromengineering design, enginesring planning, generd planning to
regiond planningwiththe level of accuracy required decreasing. Beforedatacapturebegins, the operator
has to consider levels of accuracy and precision. Accuracy in this case is divided into two categories,
namey detall and location. Looking a a map the level of detail refers to the depiction of real world
objects. For example the operator might ask whether al school buildings are depicted on the map and
whether or not they are geographicdly correct in ther location on the map (Nale,1992). The leve of
accuracy on the base map will determine the completeness of the database once the data has been
entered into the compurter. If the database is going to be used to maintain municipa services, graphic

precision is necessary. For example the operator will need to be able to visuaize the proximity of
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pipelines to driveways or sdewaks. The precision required depends entirdly on what the user needs
(Nale,1992). Inthe productionof nationd digitd atlases, it isimperative that a satement on the levd of
accuracy of the product ismade, so that subsequent users understand the data that they are usng without
expecting results beyond the capacity of the product.

It is suggested that maps created without geodetic precison may be no more useful than visud
representations. The greater the geodetic accuracy that is built into a GIS, the more useful it will be
(Keeting,1992). "Why? Because unless they fit mathematicaly in the computer, you never will be able
to do anything more than amply view the graphicson acomputer screen” (Nale, 1992:52). The andytica
power inherent in fully fledged GI'S will not be used to its potentid. It is suggested that "'compromising
map standards (land base detail and accuracy) will compromiseyour GIS applications’ (Nale,1992:53).
Capturing data to such a high level of accuracy and precision is however extremely expensive.

The amount of money that hasbeenfedintocommercid and industrid developments of digita technology
far surpasses anything that has come the way of socia gpplications (Woods,1993). The usesof GISfor
interactive learning, management and planning are endless, especialy in systems designed for public use
(Woods,1993). It has been suggested that in the past, ""computer and telecommunications technologies
have primarily functionedto enhancethewedth, power and control of large corporations, the government
and the military” (Downing, et.d.,1991:1). Itistimetoredisethe potentia benefits of informationsystems
and inparticular Gl Sinthe sectors of education, hedth, tourism, resource management, census mapping,
land use planning and informationdissemination. Inthis capacity, I'T could play animportant role at grass
roots leve, benefiting a much wider user base than ever before.

2.10 The benefits of cartographic data display
GI'S has been credited by Bishop (1994) as ameans for converting raw datainto information which is
meaningful to every user, whether a scientist, a curious member of the public or aland use planner. This

has been achieved through the use of graphic digplay.

Human understanding "is essentidly spatia in character and making things ‘visble in the mind' has been
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akey to many, if not dl, mgor scientific discoveries' (Wood,1994:10). Graphic representation of data
according to Petch (1994) has a greater impact on a person's memory, provides quicker understanding
of gpatia reationships at hand and alowsgreater efficiency in problem solving. Humans tend to visudize
their knowledge and useimagesinther thought processes. Visudization produces an environment which
humans are familiar with providing access"to spatia patterns that are not readily accommodated by the
naked eye" (Buttenfidld and M ackaness,1991:429). Graphic representationinthe opinionof Medycky;-
Scott (1994), might include 2D and 3D maps, tables, images, graphs and charts whilst Petch (1994)
inggts that representation could extend to virtud redlity where a'fly over' of Madagascar after years of
deforestation for example may communicate the problems across more clearly than a set of graphs or

datistics might.

In the GIS environment interacting with spatid dataiis taken to anew leve. Although the ability to pan
and zoom in the map isin most cases never fagter than the movement of the humaneye, Woods (1993)
notesthat the user will not experience the map boundary as he would whenusing atraditiond paper map.
If the user understands the nature of the information held in the database, he will beable to explore the
environment to its full potentia. Digitd maps alow the user grester control over the amount of detall he
wants to use. The more experienced person may be able to ded with agrester densty of information in
front of him. The digitd environment alows for this extent of flexibility.

Due to the need for spatial awareness and a measure of map and computer literacy, the ability to work
with and understand "geogrgphic information is a privilege of the educated and informed few"
(Peateni,1997:16). The graphic capabilities of GIS hold the potentid to have a dgnificant impact on
interactive education in South Africa and other Africancountries. Ingenerd map literacy in South Africa
isthought by Pateni (1997) to be very low and considering the number of people who do not have access
to computer facilities, computer literacy islikely to below aswel. Inaneffort to counteract this problem
in Cape Town, a project was started by the Chief Directorate of Surveys and Land Information of that
city in 1997. The am was to uplift disadvantaged children through a map awareness and literacy
programme. If more projects likethisone areimplemented, South Africaschildrenmay be equipped with
the tools needed to understand and manage their environments as geographic information becomes
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avalableto dl.

The benefits of GIS have reached awider user basein India. The country has alarge resource base of
trained software producers who have been able to design software which "is based on the villagers
perceptions of their needs’ (Woods,193:95). Much of the software does not require the user to be
literate. The government had aimed to create a nationa network to hep inrural planning projects, hedth
meatters, water monitoring and literacy. The project developed into an ‘Informatics for Community Use'
meking India the first country to achieve sucha project according to Woods (1993). Usng GI S mapping
capabilities, agricultural recommendations for a village could be described in graphic form, thereby
bypassing the problem of illiteracy. There is no reason why this software could not be adapted to the

needs of rura Africans.

Theincreasng use of Gl Sinthe public and privatedomains, isresulting inthe generation of large amounts
of spatidly referenced data. Raveneauet.al.,(1991) notethat this data should not be reserved for the use
of speciaigts, but should be made available to the non-professional public. Oftenthe datais underutilised
due alack of processing of the dataand poor methods of communication (Raveneauet.al., 1991). Many
muniapdities have vauable geographic data sets of general interest. The mgjority of the data sets
however areinformats which are incompatible with the mgority of users. There has beenacdl for "the
transformationof spatia data contained incomputer banksinto sgnificant spatia information, and for the
diffusonof that informationby means of attractive and efficent visud displays. The dectronic atlasisone
of the possible solutions' (Raveneau,1991:201). Nationd digital atlases for Africancountries could then
be used as archivesof informationto be applied to not only to hedlthissues, educationand land planning,

but aso to tourism, resource management, census management and information dissemination.

2.11 The Digital (electronic) Atlas

"In steedily increasing numbers, geographers, scientists, students, paliticians, the general public, are
drawing uponthe vast resources contained inmaps and atlases' (Boggs,1959:preface). Boggs wrotethis
iN1959, referring to the traditiona paper atlas. Takenout of context, this statement could easily beseen
to be referring to digital mapping projects and atlases. Coppock and Rhind (1991) suggest that whilst
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the development of GIS has come from a variety of initigtives, they highlight the experiences of the
publication of the Atlas of Great Britain and Northern Ireland in 1963 as being sgnificant in the
development of a digita approach. The atlas was criticised for being outdated and unwieldy to use.
Between 1958 and 1960, D.P Bickmore, one of the publishers became convinced "that only the
computer could provide a cogt-effective mechanismto check, edit and classfy data, to modd situations
and to facilitate experimentsin graphic display” (Coppock and Rhind,1991). Considering the range of
capabilities available in digital atlases today, Bickmore certainly made a pertinent point.

According to Socum and Egbert (1991), the capatiilities of atlas products do vary, from the user being
able to cdl up series of maps, to interactive capabilities where the user is adle to create his own maps
according the data he chooses to display. The dectronic atlas of Canada is cited as an example of a
product that tendstowards being acomplete informationsystem. The atlasalowsitsusersto create their
own maps, overlay files, query the database, and ask 'what if? questions through smulated modelling.
At the other end of the interactive scale, Socum and Egbert (1991) mentionthe Electromap World atlas,
which adlows the user to click on countriesand retrieve informetion relaing to geography, the economy
and government of that country.

Severd factors have played arole in the development of eectronic atlases and Slocum and Egbert
(1991) outline these asfollows. Significant developments made in microcomputing have produced more
affordable and more powerful computing equipment than ever before, opening up accessto the digital
environment for a wider user base. The creation of geographic databases being carried out by an
increasng number of organisations for use in areas such as land and resource management isresulting in
apool of useable information. In Canada, such data sets have been ama gamated into the National Atlas
Information System (NAIS). Research on the use of geographic information in education has led to the
development of ingtructiond atlases such asthe Junior Atlas of Alberta. It issuggested that the entry of
geographic information into an information systems environment "has contributed to the concept of
"electronic atlas’ (Raveneau et.d.,1991:202).

Thefirg eectronic atlas released in the 1980s was a series of maps on the computer and according to
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Perkins (1995) offered little in the way of andlys's of information. Apparently some of the atlases Smply
reflected what one might see when looking at a paper atlas. "It is not sufficient to use the computer to
reproduce on a screen what wasformerly represented on conventiona mapsor intraditiona atlases, but
rather to make use of its potentia for developing new methods facilitating research, communication and

the acquigition of knowledge in the field of geographic information” (Raveneau et d.,1991:203).

All eectronic atlases onthe market inthe developed world are designed to be used withimmediateeffect
and without difficulty. Perkins (1995) notesthat these atlases do of course range incomplexity fromview
only, to completeinteractivity. Atlaseswhichexistascopiesof ther paper counterpartsare limited inther
use with the user having little or no control over the dementsdisplayed. The more interactive atlases il
contain fixed map dements, but do dlow the user to zoom in and pan over the map in front of him.

The development of CD-ROM has seenmore powerful eectronic atlases being disseminated to awider
variety of users. Perkins (1995) adds, that the andyticd functions of these atlases have extended to
indude overlays, distance mapping and Satigtica analyss. Inthese atlases, the user has control over map
elements, one such example being the Digita Chart of the World.

Although the capabilities of digitd atlases are ever expanding, thelr coverage of informetion is heavily
dependant on digital data available. For countrieswho have extensve topographic coverage, such as
Switzerland, Belgium and the United States, Perkins (1995) describes capabilities which include being
able to search for street locations and specific tourist spots. Infact, "many large western cities are now
covered by dectronic atlases' (Perkins,1995:39). Electronic atlases have been described as the
"preliminary sage to Atlas Information Systems' (Rystedt,1995:5).

Electronic atlases designed to meet navigationa needsat sea and on roads, have aso been devel oped.
These atlases are part of a group of products which offer more specific coverages than interactive
nationa atlases. Rystedt (1995) highlights some dectronic atlases which have came under the spotlight
at various conferences, emphassing the ability of these products to extend beyond the scope of the
traditiona atlas expectations. The Territoria Evolutionof Canada, aHypermediaM ap apparently covers
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an animation of the territorial evolutionof Canadawhilgt the Transport Atlasof The SouthernNorth Sea
presents a cartographic model of water transportation (Rystedt,1995). Exploiting developments in
multimedia, some of the more commercialy orientated atlases have adopted nationd anthems and flags
of countriestointroduceviewerstothar products(Perkins,1995). These atlases and the "more expengve
data-richauthoritative sources of eectronic mapped data’ (Perkins,1995:40) will continueto berel eased
onto the market. It is noted that the increasing amount of mapped data on the web, may limit eectronic
atlassdesinthe future. This method of disseminationin Africawould be a positive step for countriesthat

are unable to afford expensive software.

In areview of dectronic atlases currently available, some of the positive and negative aspects of atlases
on the market have been outlined by Brown (1998). "'Toposcout' devel oped by Maptech is described
by Brown (1998) as a series of topographic maps covering the United States. Maps fromthe American
Geological Survey have been scanned into the atlas with "the same 1956-or-so data, the well
documented errors, the same minimdist legends, and the same large white borders that make reading
features that cross the map edges or corners so frudrating” (Brown,1998:41). The advantages of the
package are that it is reasonably priced, so it isaccessible to awide audience. People also have access

on one CD-ROM to what was only available previously on 300 paper maps.

The 'Street Atlas compiled by Delorme and Microsofts 'Streets 98' are considered by Brown (1998)
to be prime examples of the visudization attainable, as they alow the operator a bird'seye view. Usng
specific addresses of people, both atlases are apparently able to pinpoint the location of a house. Due
to the focus of both projects however, features like rivers are not mapped in depth. The level of detall
which can beinduded indectronic atlasesis mind boggling. Maps can be linked to radio Sations giving
the latest updates on westher or traffic conditions for example. The new generationof digitd atlases will
dlow the user to view maps asiif flying above the ground. Microsoft's Encarta has produced a'Virtual
Globe which Brown (1998) acknowledges as achieving thisto a certain extent. Referring to traditiona
paper atlases in the 1950s, Boggs (1959) states that they "consist of a collection of maps made in
accordance with a particular plan” (Boggs.1959:2). Whilst adigitd atlas can il reflect the idedls of its
traditional paper counterpart, usng data stored in a GI'S, geographic information can be brought to life
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for thousands of people with aflexibility unattainable on paper.

2.12 Digital African atlases
In this section eght known digita African atlases will be described. The firg five will be examined in
greater detail in Chapter four.

i) Tourism Potential Atlas of Swaziland (Van Riet,1998)

Tibiyo Taka Ngwane is anationa organisation which was set up in Swaziland by the late King Sobuza
[1in August 1968. It was created to invest ineconomic independence and sdf sufficiency inthe country.
Tibiyo is seen as an indigenous development agency with interestsin al sectors of the Swazi economy
(Forsyth Thompson et al.,1998). The organization contacted GIS Business Solutions in Pretoria and
asked them to look at the viahility of four tourism related projects around Milwane in Swvaziland. An
example of the type of projects that were to be looked into included the building of a cultura village and
the inddlaion of a cable car sysem in the area of the Milwane game reserve (Van

Riet,1998:pers.comm.).

It was suggested that they could broaden the study by looking at issues such as scenic beauty creating
an overd| assessment of tourism potentia in the kingdom (Van Riet,1998:pers.comm.). Hydrologica
characterigtics, Vegetation, Physiography, Land Tenure, Cadastra data, Population, and conservation
areas were ultimately captured and combined to produce amap of tourism potentia.

i) Environmental Potential Atlases (ENPAT) (Van Viegen et.al.,1998)

In 1994, South Africas Department of Environment Affars and Tourism produced a large spatial
database in the form of ENPAT (Environmenta Potentia Atlases). Having seen the consequences of
poor decison making al to often, the Department of Environment Affairs saw the key to successful
management of the environment being access to information (Department of Environmentd Affairs and
Tourism(DET),1994). Informationwithintheir own department wasoften™widdy disseminated between
many different organisations, and captured on avariety of mediain an even greater variety of formats
which were not always competible’(DET,1994:2-1). Access to certain informationwas often met with
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"a 'closed shop' attitude...and it could take literdly months to gain access to or acquire, certain
information” (DET,1998:chapter 2). The solution to this problem lay in the development of a angle
database available to interested parties outside the Department as wel aswithin. A single database, it
Is hoped, would "contribute to an increased awareness of environmental issues and the effects of
development, and ensure that these are adequately addressed through provison of sufficient
information”(DET,1994:1-1). Proof of success may be evident in the re-release of an updated version
of the Atlas, which has been made available to the public from 31 August 1998.

Iii) Spatial Characterization Tool (Corbett et.al.,1997)

Thisatlasisdescribed asaGl S gpplicationwhich covers an environmenta classficationfor researchand
agriculturd and natural resource management for Africa, Latin Americaand South East Asa The SCT
was devel oped out of the need for answers of aseriesof queriesthat were posed; characterizationalows
a amplification of the complexities found in the environment. The African data set was released in
November 1997 (Corbett,et.al.,1997).

Iv) Population Atlas of Kenya (Fox,1995)

This atlas was created on PC ARC/INFO and congists of thirteen covers providing the viewer with a
variety of populationrelated informetion. Coversavailable ondisk incdudedidtricts, age and sex, schoals,
education levd, literacy, tribd, provincd, urban, lakes and rivers, idands, roads, railway, and

agroclimatic zones.

v) Digital National Atlas of Tanzania (Shand,1997)

In Tanzania, the Senior Cartographer at the Univerdty of Glasgow, Mike Shand has been involved in
research which has covered the production of a digita cartographic database and vector maps of the
country. This type of work isrdatively new for Africa, and the run up to its introduction has not been
smooth. Shand and Silayo (1996:1) note that athough "The continent of Africahasalong history of atlas
productionat both regiond and nationd levels’, it isasomewhat different road travelled fromthat inthe
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developed world. In Figures 2.1 and 2.2, examplesof mapsavalable inthe atlas, are given. The maps
disolay the flexibility inherent in the digital mapping environment usng the single regiond cover to depict
avaiety of information.
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Figure 2.1: Population by Region. Sample map from theDigital National Atlas of Tanzania
(Shand,1997)
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Figure 2.2: Population, Population Densty, Intercensal Growth and Average Household Size
by Region. Sample mapsfrom theDigital National Atlas of Tanzania (Shand,1997)
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vi) An Environmental Profile and Atlas of Caprivi (Mendelson and Roberts,1998)

This atlas has been produced by John Mende sonand Carole Roberts, funded by the Netherlands. The
atlas contains 34 maps accompanied by Landsat images, photographs, text and graphs. ArcView 3.0
has been used withthe Spatial Analyst extensonto carry out and present map analysis. ERM apper was
used in the design and production of the maps (Shand,1998:pers.comm.).

vii) Eastern Africa Atlas of Coastal Resour ces. Kenya (UNEP,1998)
The United Nations Environment Programme (UNEP/GRID) has produced this atlas with the financia
help of the Belgium government, the Begium Adminigration for Development Co-operation (BADC)

and the government of Kenya.

The atlas congists of 5 sheets captured from 1:250 000 topographic maps of the country. Landsat TM
have provided land cover datawithmarineinformationbeing supplied by the Kenya Marine and Fisheries
Research Indtitute; Coastal Deveopment Service; Kenya Wildlife Service and the University of Nairobi.
The resulting maps have 10 land cover classes, 10 coastline ecological classes, dimatic data, culturd and
recreationdata, hydrology, conservation, marine and terrestrid fauna, birds, maitime transport, minera

resources and industrial data (Shand,1998:pers.comm.).

viii) Digital Agrohydrological Atlasfor Southern Africa (L ynch and Schulze,1996)

This atlas is described as a "fird attempt at a digita collection of maps for environmenta planning in
Southern Africa’ (Lynch and Schulze, 1996), made possible withthe development of desktop GIS. It is
avalable digitaly and asa colour paper versgon. Theatlas seeksto evauatethe effect of water avalability
onagriculturd potentid, ultimately promoting efficient water use. The producers notethat they hope the

atlas will be used in schools and research organizations.

Evans (1984) suggests that the emphasis whichhas been placed ontechnology has giventhe impression
that it is "the objective of development rather than...a principle means for attaining development”
(Evans,1984:25). GIS has the ahility to contribute sgnificantly to socia, economic and political goals.
The production of anationd digitd atlasin Africashould be planned withaview to attaining devel opment
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objectives. There is no doubt that GIS related projects hold the potentid to solve many of Africa's
planning problems; thisis dready evident in some of the examples given for Botswana, Ghana, Zambia,
Zimbabwe, M ozambique, South Africaand Swaziland. Used to strengthenthe gpplicationof cartographic
knowledge, digital atlases could have asgnificant role to play in the African context.

The basic dements of a GIS have been outlined by Maguire (1991) as computer hardware, computer
software, dataand liveware. The productionof anationa digitd atlas, requiresdl four. Skilled manpower
is one eement which may be particularly difficult to ensure. To illustrate what the production involves,
the reader istaken through each step of the production process of the Popul ation-Environment Atlas
of Swazland, in Chapter Three. Particular note should be taken of the numerous problems which were

experienced and the time required to overcome them.
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Production of the Population-Environment Atlas of Swaziland

3.1 Introduction

According to the Environmentd Science Research Inditute (ESRI), any project created with a
Geographic Information System (Gl S) requiresthe careful organization of aseries of steps. Thefird step

outlinesthe objectives of the project; the second presents the database design; the third involves building

the database; the fourth assesses the capabilities of the product through analytical tasks and the find step

involves presenting the results. The objectives of the thesis have aready been stated inChapter One. In

this chapter, the objectives of the atlas design will be re-emphasised and steps two and three will be

covered. Each stage of the production process will be outlined accompanied by problems experienced.

This serves to emphasi se the extent of work involved inthe productionof anationd digitd atlas. Steps
three and four will be addressed in Chapter Four.

3.2 Step One - Outlining the project objectives

The manobjective of this Population-Environment Atlas of Swazland, isto provide support for an
appraisal of the production of digital atlasesin Africa. The capabilitiesof the atlas will be used inaddition
to other materid, to gppraise the utility of these atlasesin Africa.

Desgning a database to meset the requirements of the end-user is of utmost importance. The intended
end-user at the start of this project was however unspecified. The Census Department in M babane had
expressed aninterest, but asthe project had not been commissioned by any one group, it was hoped that
the capatiilities of the end product, might itsdf suggest the type of user that could benefit. The end
product is hoped to be found useful to avariety of users"not only for specid projects, but for ongoing
tasks' (ESRI,1993:3-24).

The atlaswill be presented with thisthesis, on CD-ROM. Examples of the coverswill be included inthis
chapter incolour paper format. It is envisaged that the atlaswill available fromaweb page onthe Internet

subsequently.
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3.3 Step Two - Designing the database

Havingdeterminedthat the am of the project wasto create adigitd atlas of environmenta and popul ation
information for Swaziland and critically assess the process (and utility) in the context of digital atlas
production in Africa, the firg step was to decide which data layers were going to be captured for the
atlas.

Sdecting the type of datato be included and obtaining this data is often problematic. Inthis project, map
avalabilitywasto dictate the type of data and level of detail that could be captured. Severa mapswere
acquired from the Census Department in Mbabane. Each of them were possible source maps for
capturing data. The maps consisted of a 1:250 000 topographica map of Sweziland and three sepia
trangparency maps; one 1:250 000 map of the 1986 enumeration areas, one 1:250 000 population
density map and one 1:250 000 population distribution map.

Sepia trangparency maps are originaly professonad hand drafted maps. The origind map is passed
through a machine which exposes ultra:-violet light through the map onto alight senstive film. The hand
drawn lines from the origind map are bunt into the film and a sepia transparency is created
(Tweedie, 1998:pers.comm.). Didine copies were made of the transparencies by the Rhodes University
Cartography Unit. These didine copies could be used for the digitizing processif so desired.

Having captured a sample of the international boundary and the main roads from the 1:250 000
topographic map, the covers were overlayed with the corresponding covers available on the South
African 1:500 000 Topographic data set (ComputaMaps,1997). Fromthe dight discrepancy between
the lines, it became clear that the 1:50 000 map series might be needed if greater accuracy was to be
attained.

The Department of Geography at this stage had an incomplete set of 1:50 000 maps for Swaziland all
datingfromvarious years. It was necessary to order the latest map series covering the entire country. The
most up to date 1:50 000 map series for the country were acquired fromMap Office in Johannesburg.
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The series conssted of thirty one maps which were printed in 1991. It is important to note that these
maps were Sx years out of date. Some of the data features such as roads have changed since their
production. The double lane highway between Mbabane and Manzini completed in July 1998, for

example, will not be evident on the road cover of the atlas.

3.4 Step Three - Building the database

This gage has been described as "the mogt critica and often the most time-consuming part of the
project”, the reason being that the "completeness and accuracy of the database determines the qudity
of the andyds and the find products' (ESRI,1993:3-3). At the start of the project ajourna waskept to
keep track of the sequence of procedures that were completed and problems that were encountered.
Therest of this chapter examines the building of the population and environmenta atlas of Swaziland in
detall.

Thefirg step to building the database was to automate the data by converting the selected features on
the paper maps, into a digital format recognisable by the compuiter, through digitizing. Digitizing is a
process whichcan best be described asthetracing of map components classfied into arcs (line features),
polygons (area features), and points (buildings, trig points etc).

3.4.1 Capturing thefirst data layer (1:250 000 sour ce map)

It was decided that the first data layer should be smple to digitize. This provided an opportunity to
produce a sample cover relatively quickly, enabling familiarity with the range of processes involved as
well as an assessment of the end product before embarking on the full automation of the atlas.

Thefirg step indata capture involvesassgning the map at |east four tic registrationpoints(ids). For each
base map used in the atlas of Swaziland, Sx tic points were assigned, as "udng more than four tics
increases accuracy” (ESRI,1993:4-17). The tic pointswerewrittenonthe mapsin pendil to ensurethar
order was not forgotten. The firg data layer chosen for capture was the international boundary. The
1:250 000 topographic map of Swaziland was chosen as the base map for this first data layer as it
provided the clearest outline out of dl the 1:250 000 maps available at this stage.
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The map was taped onto the digitizing tablet, ensuring aslittle wrinkling on the map surface as possible.
It isimportant to ensure that the map is taped into a podition where it has direct contact over the entire
surface of the digitizing tabl et so that errorswhich could result fromthe map dippingor creasing, are kept

to aminimum.

Once the map had been taped smoothly onto the digitizing teblet, the ARC Digitizing System (ADS) was
opened. The six tic ids were entered cregting a blank cover with six tic points. Following the boundary
line on the base map and pressing buttons on the keypad, the line was recorded as a series of X, y

coordinate locations in digitizer units (inches). The resulting cover isshown in Figure 3.1.

Figure 3.1: Swaziland’sinternational boundary; the first data layer captured
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3.4.2 Making the data usable

For various reasons, it isimpossble to digitize without error. To make the new cover usable, "requires
correcting the coordinate datato makeit free of errors and topologically correct” (ESRI,1993:5-2). The
topology of a cover describes the relationships between geographic features that have been digitized.
Creating atopology manudly for example, would involve recording some of the following; the direction
in which the arcs were digitized, area Sze of polygons, the number of arcs that make up a polygon and
their ids. PC ARC/INFO has two commands BUILD and CLEAN which carry out this process
autometically.

Once the topology has been created, ARCEDIT is used for its "sophisticated capabilities for feature,
attribute and graphicsediting” (ESRI,1993:4-9). The program can be prompted to display and correct
errors suchas nodeswhichhave not snapped to other nodes, polygons whichhave not beenlabeled and
incorrect arc identification numbers that have been assigned. The international boundary was not a
complex cover and few errorswere indicated. Once a couple of the arcs had been joined by snapping
their nodes together, the editing was complete. This editing dters the topology and it is necessary to
recongtruct it by usng the BUILD command again.

Whilg the base map was taped onto the digitizng table, the tar roads were digitized as an additiona
sample cover. The boundary coverage was opened in the ADS program. To do this, the program
prompts the operator to enter the same Six tic points that it recognises in the boundary cover. Thetics
were entered by placing the cross hairs of the keypad directly over the tic points on the map that were
created for the boundary cover. The program then gave aroot mean square (RMS) or tic registration
error and asked if it was acceptable. The RM Serror vaue "represents the amount of error between the
original and new coordinate locations' (ESRI,1993:Glossary-37). The larger the figure, the greater the
error. ESRI usualy setsthe error limit below 0.004 inches. Due to the susceptibility of paper mapsto
dretching and warping, it is suggested that an RMS error as high as 0.005 or 0.006 may have to be
accepted. All of the covers created for the atlas were kept under an RMS error of 0.003.

At this stage, the captured data could be described as a smple line drawing and in this form the map as
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ageographica toadl is of little use to anyone. It does not have aphysica location (latitude and longitude)
in the redl world. One would be unable to overlay this outline of Swaziland on a cover of South African
riversfromthe South African 1:500 000 Topographic dataset (ComputaM aps,1997) for example. This
would only be possbleif the tic points assigned to the Swaziland cover had coordinatesin latitude and
longitude.

Assigning latitude and longitudina coordinatesto the Sx tic pointsinvolvestransfor mation of the cover.
This converts the various features that have been captured in digitizer units, to their corresponding redl-
world locations (ESRI,1993). Trandforming the cover requiresthe creationof amaster tic filewhichholds
the x and y tic vaues of dl the base maps used. The x-tic and y-tic vaues were recorded in decimd
degrees.

Each tic point marked on the base map has a reading in latitude and longitude. Each coordinate is
recorded and converted to decimal degrees(see Table 3.1). The fallowing equationisused to caculate

the coordinates in decima degrees:

Decimal degrees = Degrees + Minutes/60 (ESRI 1993:7-15)
One minute = 0.01666667 of a degree (60 minutes in one degree, 1/60 = 0.01666667)

Ticid 1 on the boundary cover for example liesat 31 45' on the x axis and 25 40 on they axis.

45 x 0.01666667 = .749997
40 x 0.01666667 = .666664

In decimal degrees, 30 45' = 30.749997 and 25 40' = 25.666664
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Tic | XTIC(DU) YTIC(DU) | XTIC(DM) YTIC(DM) | XTIC(DD) YTIC (DD)

ID

1 26.3200 39.4920 | 3045 25 40 30.749997 - 25.666664
2 48.7760 39.5660 | 32 10 25 40 32.166666 - 25.666664
3 26.4990 24.9740 | 3045 26 30 30.749997 - 26.499998
4 48.7530 25.0660 | 32 10 26 30 32.166666 - 26.499998
5 26.6420 10.4750 | 3045 27 20 30.749997 - 27.333332
6 48.7520 10.5620 | 32 10 27 20 32.166666 - 27.333332

Table 3.1: Thefirst six ticids shown in Digitizer Units (DU) asthey are digitized, Degr eesand
Minutes (DM) asread off themap and Degrees Decimal (DD) after transformation.

Once aftic file of real world coordinates has been created, the cover in digitizer units can be givena
location in the real world usng the command TRANSFORM. In this example, the main roads were
digitized onto the boundary cover, the cover was edited and the topology recreated usng BUILD. The
cover was then transformed using the following steps.

createtroad swazitic (A cover called troad is created. It will hold theticsin real world coordinates which have been
copied from the master tic file SWAZITIC)

transformroadtroad (each tic in digitizer units (road) is transformed into its location in decimal degrees; the original
cover road staysin digitizer units)

build troad line (recreates the line topol ogy)

To see how the resulting roads cover compared with acommercidly available data s, it was overlad
withthe South African 1:500 000 Topographic roads cover (ComputaMaps,1997). To the naked eye,
theredid not appear to be asgnificant discrepancy inthe digitizing of the road lines. Using the measuring
tool the difference between the roads at one specific section chosen at random, was calculated a 610
meters . Digitizing the boundary from larger scade maps held the possibility of attaining amore accurate
result aswell as being able to include greater detail. On the 1:50 000 maps, the main roads as well as
secondary and ‘ other’ roads could be captured. Waiting for the ordered 1:50 000 map seriesto arive
from Johannesburg, the international boundary was digitized off the 1:50 000 maps available in the

department.
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3.5 Digitizing the inter national boundary (1:50 000 maps)

Twenty out of thirty two 1:50 000 maps depict the internationa border of Swaziland. S tic pointswere
assgned to each map. It was redlised that in order to transform these covers, a new mader tic file
incorporating the extra tic ids would have to be crested. Thistic file had 78 tic points which accounted
for dl thetic points of the twenty sheets (see Figure 3.2)

To produce a sngle coverage of a feature after digitizing off 31 maps, the maps ultimately have to be
joined. It becomes particularly important to keep a note of the order of the tic ids when dediing with
covers that have been captured fromaseries of adjoining maps. Two covers that need to be joined will
have to share a least two of the sameticids.

Figure 3.2: Location of the 78 tic pointsin the master ticfile
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Having digitized dl the boundary lines from each map, they needed to be transformed into real world
coordinates so the adjacent covers could be EDGEMATCHed and MAPJOINed. EDGEMATCH "is
used to match border coordinates between coveragesthat will later be joined” (ESRI,1993:7-30) and
MAPJOIN "createsanew coverage containing dl the features and etributes from (al) input coverages'
(ESRI,1993:7-45).

At this stage working knowledge was il sketchy and the use of the MAPJOIN command was not fully
understood. The command GET was more familiar and was used instead. Thisinvolved opening one of
the boundary coversin ARCEDIT, sdecting the editfeature (arcs), and fetching each of the remaining 19
maps usng GET. Editing was completed by snapping nodes together which didn't quite meet. The
topology was recreated usng BUILD. Overlaying the boundary with a cover from the South African
1:500 000 Topographic data set (ComputaMaps,1997) indicated that this cover achieved a closer
representation to the commercia data set than the boundary captured from the 1:250 000 map had.
Using the measuring tool, the difference between the boundaries was caculated a& Sx meters on the
ground compared to 400 meters on the ground for the boundary captured from the 1:250 000 map.

3.6 Digitizing the district boundaries (1:250 000)
Digitizing the district boundaries from the 1:250 000 topographical map of the country proved to be
difficult. The boundary is indicated as a series of crosses, making their representation unclear. The

boundaries gppeared to be alot clearer on the didine copy of the population distribution map.

The difficulty of working with didine copies became apparent when the first attempt at digitizing the
digtrict boundaries was made. Digitizing the Shisdweni district boundary, the line disappeared as it met
the Ngwavumariver. Looking aong the boundary line, it became clear that the draughtsman had smply
stopped recording the boundary as soon as it met the Ngwavuma, Mhlatuze, Mkhondvo and Tsawea
rivers. The boundary isinfact defined by these features, and athough logica inhindsight, it was confusng
a the time and destroyed the flow of digitizing. It became apparent that the population dendty and
population digtribution didine copieswere not suitable as data sources for the atlas. 1t was decided that
the district boundaries would be digitized from the 1:250 000 topographic map of Swaziland whilst

waiting for the 1:50 000 map seriesto arrive,
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Having compl eted the digitizing of the district boundariesfromthe 1:250 000 map, the cover was edited.
It was then transformed using the master tic file which had been crested for the internationa boundary
covers. Opening the transformed cover INARCEDIT, aproblemwasimmediately apparent. The digtricts
lay inthe top left hand corner of the screenwhilg the internationa boundary filled the centre of the display
(see Figure 3.3).

Figure 3.3: Thedidrictsliein thetop left hand corner dueto incorrect allocation of tic ids.

By retracing the steps taken up to the transformation of the cover, the problem became apparent. The
digtrict cover had six tic ids 1,2,3,4,5 and 6 assigned to it. When the cover was transformed into the
master tic file it fdl into the corresponding tic ids of thet file Evident in Figure 3.2 isthat the tic ids
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1,2,3,4,5and 6 st inthe top left hand corner. Thetic file for the district boundary had to be opened and
updated with the new ids shown below.

Previousticid  Updatedticid Previousticids Updatedticid
1 1 4 73
2 13 5 78
3 22 6 55

The digtricts now appeared in the correct areawithinthe international boundary but were not extending
to its edges (see Figure 3.4). A distanceof 7.74 kilometerswas measured between the endpoint of the
Hhohho/Lubombo digtrict boundary and the internationa boundary.

Figure 3.4: After correction of the tic points, the digtrict boundary fallswithin the country but
failsto extend to the inter national boundary (sour ce: 1: 250 000 topogr aphic map of Swvaziland)
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Therewere two possible explanations for thisresult; the sourcemap (1:250 000 topographica map) may
itself have been inaccurate in comparison to the boundary captured from the 1:50 000 map series, or
there was a problem in the method being used. That the degree of error could imply a poor standard of
mapwork inthe topographic map of Swaziland, wasworrying. This map has been used andisbeingused
as the bas's for severa digitd mapping projects for the country. The Department of Land Use and
Panning in the Ministry of Agriculture has produced aseriesof land use mapsin conjunctionwithFAO,
using the 1:250 000 topographica map as the base map (VanWaveren,1998:pers.comm.). The digital
mapping project set up in July 1998 isal so utiligng this map. It was hoped therefore that the problem lay
in the method and not in the inaccuracy of the base map.

Looking at the tic files adight discrepancy was found. Ticid 1 in the magter tic file for example had
recorded coordinates of -31 00" (y) and 25 45' (x). As expected, these were the same coordinates
recorded for tic id 1 on the international boundary coverage. On the district boundary cover however,
tic id 1 had a ytic reading of -30 45'. New ticsids (79, 80, 81, 82, 83, 84) were given to the district
cover and added to the master ticfile withther correct coordinatesindegreesdecimd. The coverswere
opened in ARCEDIT. The digtricts merdy seemed to have shifted northwards, with the degree of
mismatch gill considerable (see Figure 3.5).
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Figure 3.5: The districts merely shift northwards after tic ids have been altered

A second option was considered and that wasto use acommeand whichwould ca culate the distance of
the digtricts from the boundary and extend the lines, clipping the two covers together. Inexperience
resulted inthe use of the command UNITON. This command requirestwo polygona spatia data sets; the
internationa boundary was a polygon cover, but the districts were an arc cover. Therewas no way that
this would have worked. Having used UNION, the result was viewed in ARCEDIT. A problem was
immediately apparent, when the digtrict boundaries appeared in the top half of the screen with the
internationa boundary inthe bottom half, evident inFigure 3.6 below. This was caused by trying tojoin
atransformed internationa boundary cover with an untransformed district boundary.
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Figure 3.6: Theresult of attempting to UNION a transfor medinter national boundary with an
untransformed district boundary cover

Atthis stage, the 32 1:50 000 magp sheets had arrived from Johannesburg, and it wasdecidedthatinstead
of spending any moretimeon the districtsfromthe 1:250 000 map, it made more senseto digitize sraight
from the 1:50 000 map series.

3.7 Capturing Data Layers

3.7.1 Digitizing the districts (1:50 000 map series)

Before digitizing the digtrict boundary entirely, a sample was carried out. A amdl section of the boundary
between the Hhohho and Lubombo digtricts was digitized from two adjacent maps. The two samples
weretransformed, joined and opened in ARCEDIT. Immediately a problem was apparent. Sample one
lay to the right of sample two; they were the wrong way round. Thusfar the tic file had held the answer
to problems experienced. Thetic files for the two samples were opened (see Table 3.2).
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$RECNO IDTIC XTIC YTIC $RECNO IDTIC XTIC YTIC
1 10 29.1100 | 34.4670 1 7
2 13 2 10 47561 | 34.388
3 11 20.2220 | 22.8320 3 8
4 14 4 11 47.45 22.755
5 12 29.3310 | 12.6700 5 9
6 15 6 12 47.335 | 12.604
Table3.2: Ticfile of sample one (DU) Ticfile of sampletwo (DU)

There was a discrepancy between the shared tic points 10, 11 and 12. In sample 2, both columns of
YTIC vaduesarefarly smilarforthetwo covers, but the X TIC vauesare Sgnificantly different fromeach
other. Ultimately, the coverswerere-digitized. The coversweretransformed and opened in ARCEDIT,
appearing in the correct positions.

Problems that were experienced withthe editing of these sample covers were as a result of inexperience
with the software. Difficulty with the editing of the features such as sdecting nodes and arcs were
experienced. It had not been redlised that it wasnot possible to edit atransformed coverage if any degree
of accuracy was to be maintained. Editing should to be carried out whilst the covers are il in digitizer

units. Thiswas a basc mistake, but one which took time to sort out.

Oncethe covers had been edited, transformed and joined, the result showed a sgnificant improvement
compared with the digtricts that were digitized from the 1:250 000 map (see Figure 3.7). A
measurement of 230 meters wastakenfromthe endpoint of the Hhohho/Lubombo digtrict boundary to
the internationa boundary, compared to the measurement of 7.74 kilometers taken previoudy (Figure
3.4).
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Figure 3.7: Sample of the Hhohho/L ubombo district boundary digitizedfromthe 1:50 000 map
series

Satisfied with the results of the sample, the district boundaries coverage was captured. Having been
transformed, the coverage was built as a polygon and an arc coverage. It was opened in ArcView 3.0
asapolygoncover. InArcView, the atributetable wasopened and the district namesadded. Thisalows
the user to open the didtricts and autolabel them if so desired. The find district coverage can be seenin
Figure 3.8 dongwiththe internationa boundaryfor the country. The internationa boundary has a hatlink
attached to it dlowing the user to view a photograph of King Mswati 111, the King of Swaziland.
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Figure 3.8: Theinternational and digtrict boundaries of Swaziland (1991)
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The enumeration areas were chosen as the next data layer to capture since they would make up a

sgnificant part of the atlas. The base map was a1:250 000 diadine copy and as such, severa problems

were anticipated.

3.7.1 Digitizing the enumer ation ar eas (1: 250 000 dialine copy)

A sample area wasdigitized, transformed and viewed. The enumerationareas appeared to be stretched

Sdeways and were Stuated far fromwhere they should have been (see Figure 3.9). Thetic filewasthe

firgt place to look for a problem. Looking at the sketch map which had been made of thetic points, it

became apparent that the tics had been recorded incorrectly (see Table 3.3).

78 82 79 82
80 81 Instead of 80 83
79 83 81 84

Table 3.3: Ticfile of enumeration areas sample

Once the tic ids had been corrected, the sample was re-digitized, edited and transformed with no

problemsimmediately apparent (see Figur e 3.9) The enumeration areas could now be captured.
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Figure 3.9: Enumeration area sample cover

The enumeration areas were digitized by digtrict and saved indifferent covers. Apart from the fatigue of
digitizing so many smdl lines, and keeping track of the areas whichhad been digitized, therewere not too
many problems capturing the enumeration areas. Thefird problemto become apparent, was related to
the manner in which the base map had been drawn. Asthe enumeration areas were being digitized for
Hhohho disgtrict, one of the parcels appeared to be a little more irregular in shgpe then the surrounding
ones. Looking at the map, it didn't have an enumeration id number either. It was redised tha the
draughtsmanhad infact drawvn Mjoli dam in withthe enumerationareas. Thiswas only recognised when
a break fromdigitizingwastaken. It isthe only body of water whichhasbeenincluded in the map. Some
of thelines on the didine copy are very faint and further mistakes resulted from missng out boundary

lines. These mistakes were only noticed later when the cover was opened in ArcView 3.0.

Once the enumeration areas for each district had been digitized, the covers were cleaned to a fuzzy
tolerance of 0.0000001 and built for polygons. The fuzzy tolerance " defines the coordinate resol ution of
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dl arcs' (ESRI,1993:Glossary-14). It ismeasured incoverage unitsand iscarried out duringthe CLEAN
process. If the fuzzy tolerance istoo large, the arc coordinates (vertices) will be snapped together. The
visud effect of this on a cover with many curved lines would be a series of noticegbly jagged lines (see
Figure 3.10).

Figure 3.10: An example of the effect of different fuzzy toleranceson a cover age after CLEAN

has been carried out (section of Hhohho enumer ation ar eas)

Below is an example of the stepsthat were carried out for each didtrict:

describe ennuma (description of the covers'status e.g.there are 716 arcs, 1032 nodes, 12 polygons and 672 edit masks
before cleaning)

tolerance fuzzy = 0.0000001 (to change the fuzzy tolerance from the 0.0000002 default value)

clean ennuma

build ennuma

arcedit ( to edit the enumeration coverage)

81



Chapter Three - Production of the Population-Environment Atlas of Swaziland

copycov ennuma ennumac (once edits have been made, a copy is made incase the cleaning process creates further
problems with the cover)

clean ennumac (recreate topology as editing has been carried out on the cover)

describe ennumac (The covers' statusis now 716 arcs, 523 nodes, 197 polygons after editing and cleaning)

build ennumac

build ennumac line

ENNUMAC = enumeration areas for Shiselweni region digitized, edited, cleaned and built.

The enumeration parcel arcs were assigned a different user id for each district. This alowed the
enumerationareas from the different regions to be drawn in adifferent colour whenopened inArcView

3.0if required.

Small problems became apparent during the editing process. In one of the enumeration district covers
there were a couple of arcs which had different vaues from the rest. Thiswas aminor error which can
occur eadlly during digitizing where the user id for anarc is set incorrectly. Inanother example, therewere
15arcswith idsaslong as 9 units e.g. 259591508. In this case, the user increment can't have beenset
at zero. Each time a point was entered on the keypad, the id vaue increased by the number that was set
asthe user increment. To correct this, dl arcswithanid greater than 1 were sel ected and the correct user

id was assigned.

Having made the necessary corrections, the covers were joined and opened in ARCEDIT. The
internationa boundary cover was overlaid and immediately a problem was evident. The boundary did
not fit; the enumeration areas appeared to have 'dipped' southwards. Looking at the coordinate vaues
for thetic points81 and 84 inthe maintic file, it was redised that they were incorrect. Tic points 81 and
84 should have had aline of latitude of 27 27" instead of 27 20'. It was thought that extra seven minutes
may have made dl the difference. Having corrected the main tic file, al of the covers that had been
created up to this point were transformed again. The enumerationareas were opened and overlaid with
the international boundary. Despite the correction of the coordinates for tic points 81 and 84, the
enumeration areas dill hung outside the internationa boundary on the southern border of the country.
There appeared to be little el se that could be done except to assume that the source map wasinaccurate.
The command CLIP was used as a"cookie cutter” (ESRI,1993:Glossary-5), to del ete the overhanging

arcs. CLIPensuresthe "spatid extraction of those festures fromone coverage that reside entirely within
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aboundary...in another coverage' (ESRI,1993:Glossary-5). This operation appeared to be successful.

Whilg usng BUILD, the computer bailed out with the message: "An intersection was detected while
building polygons. Intersection coordinate = 31.40955 -25.77056 use CLEAN ingtead of BUILD or
ater fuzzy toleranceif usng CLEAN." Unsure what an intersection was, the area was located using the
coordinates given in the computers prompt message. The intersection turned out to be asmdl dangling
arc which the program identified asapossible error (see Figure 3.11). CLEAN "corrects undershoots
and overshoots within a specified tolerance’ (ESRI,1993:5-10) whereas BUILD "assumes that the
coordinate datais correct” (ESRI,1993:5-10). The toleranceinthis case would have been suchthet the
arc would have been deleted unless the tolerance was altered. Redisng that the arc was an error, the

fuzzy tolerance was not dtered and the command CLEAN was used followed by BUILD.

Figure 3.11: An example of aninter sectionThe
intersectionidentified by the programisasmdl line

shown on the diagram in blue.

The enumerationareacoverswere opened in ARCEDIT. At this point, the first problems withhardware
were experienced. The computer bailed out of ARCEDIT after trying to save the complete enumeration
coverage. Subsequently ARCEDIT could not be opened, and the message "could not unpack program
(Disk full?)" gppeared. Trying to find the problem, TSARC (error files) were sought and deleted. This
did not help and it became clear that a Sgnificant amount of space would have to be freed up onthe hard

drive. Having cleared some space on the hard drive the enumeration cover was built for arcs, and

polygons.
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3.7.2.1 Opening the cover in ArcView 3.0

The cover was opened successtully in ArcView 3.0. Looking at the attribute table, however, therewere
some polygons with alabd of 0. By sdecting these polygons inthe table, they were highlighted in ydlow
onthe map. Some were very difficuit to see, and only by sdecting the tool to 'zoom to selected feature,
were they identifiable. They were diver polygons defined as "smdll ared features commonly occurring
aong the borders of polygonsfollowingthe overlay of two or more coverages' (ESRI,Glossary-41). The
other polygons with alabe of zero were polygons whose nodes had not snapped together so they were
not entirely closed. This was asmple mistake caused by the fact that the origind cover had not been
edited before CLIPwas used; the dip coverage had been edited instead. The origina cover was opened

and the errors were corrected.

It was decided that by using the command EDGEMATCH thereby using links"to connect the locetions
inone coverage tothelocations of the matching featuresinthe adjacent coverage” (ESRI,1993:Glossary-
12) followed by MAPJOIN, fewer errors would arise in the resulting cover. Once the enumeration
covers had been matched and joined to each other and the regiond boundary, each of the polygons was
labelled with a unique identifier. The resulting cover was then clipped to the international boundary.
Opening the cover in ArcView 3.0, and looking at the attribute tables, some polygons Hill registered an

id of zero. The diver polygons were however no longer a problem.

Whilgt the cover wasopeninArcView 3.0 the same cover (a copy) was opened in ARCEDIT. Again,
the polygons registering an id of zero were selected and highlighted. The polygons were checked in
ARCEDIT and corrected. Once sure that the polygons had been closed, the same steps of
edgematching, mapjoining and dipping were repeated. The new cover wasopenedinArcView 3.0. This
time dl the polygons had |abels. The process of inputting Satistica datafor each of the 965 enumeration
aress into the attribute table began.

3.7.2.2 Entering data into the attribute tables

Datainput was carried out directly into the attribute table of the coverage whilst it wasopeninArcView
3.0. The next problem surfaced during this process. Theredid not appear to be a corresponding polygon
for one of the enumeration parcel ids recorded in the statistical volume. The problemwas caused by an

arc which had not been captured. Returning to PC ARC/INFO, the missing arc was digitized. Having
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altered the topology, the cover had to be built. During the BUILD process, the attribute table was
updated thereby deleting dl data input whichhad taken place up to this stage. Through experimentation,
it was discovered thet if the data was input into the coverage pat filein PC ARC/INFO, data was not
ddeted during the CLEAN and BUILD processes.

To ensurethat each polygon had beencaptured, thefollowingprocesswascarried out. Eachenumeration
parcel identification number in the census volume (Census Department,1986) was identified on the
digitized map. Any missing polygons were identified and theerrorswerecorrected. The find enumeration

areacoverage can be seenin Figure 3.12.
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Figure 3.12: Enumeration Areasfor Swaziland (1986)
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The fallowing data, for each of the 965 enumeration areas was fed into the attribute table of the

Enumeration Areas cover.

Data fed into the attribute table of the

Enumeration Area (1986) cover

Fidd name

enumeration areaidentification number Eaid

area (sq kms) Area
popul ation dengity Dengty
number of homesteads Tenure
number of households Homesteads
land tenure Households
Males 0-4 years M_Oto4
Males 5-9 years M_5to9
Males 10-14 years M_10tol4
Males 15-19 years M_15t019
Males 20-34 years M_20to34
Males 35-49 years M_35to49
Males 50-64 years M_50to64
Males 65 plus M_65plus
Females 0-4 years F _Otod
Females 5-9 years F_5t09
Females 10-14 years F _10tol4
Females 15-19 years F_15to019
Females 20-34 years F 20to34
Females 35-49 years F_35to49
Females 50-64 years F_50to64
Femaes 65 plus F_65plus

Table 3.3: Datafed into the attribute table of the 1986 Enumer ation Ar eas cover
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Asatrip to Swaziland wasimminent, the table was exported in dBASEIV format so it could be worked
on in Quattro Pro 1V in thefield and later linked back to the spatia cover.

With the spreadsheet opened in Quattro Pro 1V, the enumeration regigtration ids field was sorted in
ascending order. Having learnt from experience, it was decided that the enumeration registration idsin
the statitical tableswould be marked off againgt the idsinthe attribute table as afind check. There were
three enumeration areas (label ids 445, 446, and 447) which did not have an enumeration regisration
number alocated to them. Figure 3.13 shows that the figure 44204/7 lies above the parcdls, but it is
unclear which id belongs to which parcel. Ultimately the polygons were labelled 44204 - 44207 Sarting
from theleft.

Figure 3.13 A section of the 1:250 000 enumer ation ar eas (1986) map

Severd errors regarding the enumeration areas were discovered in the table and are outlined below.
Hhohho digtrict

(8 Enumeration areas 11402 - 11406. On the map, asmdl enumeration parcel for Piggs Pesk town is
outlined withthe label 11401/6. The "/6" isamost obliterated by the enumerationboundary line. The |abel
was read as 11401. It had not been redlised that whilst one enumeration parcel was drawn, the parcel
encompassed the Sx enumerationareas, 11401, 11402, 11403, up to 11407. The ddimitations are not
indicated within the parcel asthereisno space.

(b) Enumeration areas 11408 - 11470. This caused a problem similar to the one above. Outlining the
capital city of Mbabane, indicated as one parcel on the map, there arein fact seventy parcelswithin it
which are not indicated. The parce islabelled as 11407/70.
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¢) Enumeration area 11227 had been recorded twice onthe map in two separate enumeration parcels.
One of the parcels had been |abdlled manudly (see Figur e 3.14). With two separate parcels, but only
one identity number, it was not clear what should be done. Having obtained the provisiona enumeration
areas map for the 1998 Census, this enumeration parcel wasrecorded asasngle area and thiswas used

as aguide to make the area one complete parcel.

Figure 3.14: A section of the 1:250 000 enumer ation ar eas (1986) map

Manzini district

a) Enumeration area 12234 had been labdled 12834 on the cover captured. Through a process of
eimination it was discovered didn't exid. It had be labdled incorrectly.

b) Enumeration area 21201 again, had an id which had been incorrectly read; it was recorded 21209
instead of 21201

¢) Enumeraionareas 21401 - 21402. Reading the labdl as21401/2, it was evident in this case that more
thanone parcel was being referred to. Error messages were prompted whenthe figurewasrecorded in
the spreadsheet with a'back dash'. The parcel wastherefore recorded inthe table withanid of 214012.
| had not realised that when working in ArcView 3.0, that when choosing a'New Fidd' to add to the
table, the option 'string’ should have been taken so that the id could have been recorded as 22401 -
22402.

d) Enumeration areas 22401 - 22415 The parcel had not been omitted, but had been given an id of
2240115. The same was found to be true for nine other polygons.

€) Enumeration area 22451 was actudly missng; it needed digitizing and labdlling.
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Shiselweni district

a) Enumeration area 31108 was labelled incorrectly as 31170

b) Enumeration area 31124 was missing and needed to be digitized and assgned a labd; two other
parcels had been omitted in this digtrict.

Lubombo digrict
Two polygons were found to be missing and needed to be digitized and assigned alabdl.

Looking for some of the enumeration identity numbers on the map was tedious. In some cases the
numbers were difficult to make out, so to solve this the 1:175 000 provisional enumeration areas map
for 1998 census that had been acquired was consulted. Some of the numbers were easier to make out

on this map.

3.7.2.3 Correcting thefinal errors

Returning from Swaziland with a lig of the errors which needed correcting, the cover was opened in
ADS. Themisangarcs were digitized, incorrect labels were corrected and arcsthat had been added by
mistake were deleted. It was clear that the didine copy whichhad been used to digitize up to this point,
was too creased and folded to digitize accurately from. The origind sepia transparency of the

enumeration areas was used instead.

To usethe sepia transparency, the tic points had to be marked onthe map inthe exact locationthat they
were onthe didine copy. To do this, the two maps were placed on alight table which made the points
clearer to see. After numerous attempts a getting alower vadue, anRM Serror of 0.006 was accepted.
Opening the cover, each of the Sx tic points were zoomed into. The cross hairs of the keypad were
placed over the tic points on the map and zero was pressed on the keypad. This indicated where the
digitizer tablet was reading the location of the tic point. Tics 79, 80 and 81 seemed to befairly accurate,
but tic points 82, 83 and 84 were clearly off target. This error could have been the result of inaccurate
tracing of the tic pointsfromthe didine copy to the sepia transparency. Another explanationcould be that
the diaine copy was so well used by this stage, that the paper may have stretched. Inaccuracy on the
base map would have affected the accuracy of the tracing.
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A minimum of four tic points were needed to be able to digitize the missng arcs whichmeant that the tic
points 79, 80 and 81 could be used, plus one other. To choose the fourth tic point, the most accurate of
the remaining tics (82,83 and 84) was located. Usng the four tic points, an RMS error of 0.003 was

achieved.

The missing arcs were digitized and the new polygons were labdled. The arc enclosing the parcel 854
was deleted; it had beendigitized as a parcel boundary where upon closer ingpection it turned out to be
aroad (see Figure 3.15). Thetopology of the edited cover was recreated usng BUILD. Opened in
ArcView 3.0 again, yet another error wasfound. One of the arcs that needed digitizinghad been omitted.
The mistake was frudrating, but there was no other option than to return to ADS and digitize it.

Figure 3.15: A section of the 1:250 000 enumer ation ar eas (1986) map

The cover had been checked so many timesat this point, that mesting withany more digitizing errorswas
unlikely. One last check however indicated that parcel number 610 was missing. The cover before the
CLEAN process had been carried out was opened in ARCEDIT. On closeingpection, it was clear that
the parcel was there. One of two things could have occurred; the arc could have been deeted
accidentaly, or it could have been del eted duringthe CLEAN operation. INARCEDIT it was discovered
that the arc in question needed to be snapped to another nodeto encloseit. Itislikdy thereforethat the
arc was identified as an error and deleted during CLEAN. The topology was huilt one lagt time. The
cover was opened again in ArcView 3.0 and checked thoroughly for any errors. The cover findly

appeared to be error free, and the processof entering datafrom the Satistical volumeswas carried out.
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Examples of maps produced usng the data entered into the attribute table of the enumerationarea cover
can be seen in Figures 3.16 to 3.21. Figure 3.16 shows population density by enumeration area,
Figure 3.17 shows land tenure, Figur e 3.18 showsthe number of homesteads and Figure 3.19 shows
the number of households per enumeration area. The digtribution of femaes over the age of 65 is
displayedin Figure 3.20, with Figure 3.21 indicating the didtribution of males over the age of €5.
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Figure 3.16: Total population density per enumer ation area (1986)
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Figure 3.17: Land Tenure by enumeration area (1986)
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Figure 3.18: Number of homesteads per enumer ation area (1986)
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Figure 3.19: Number of households per enumeration area (1986)
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Figure 3.20: Number of females per enumeration area over the age of 65 (1986)
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Figure 3.21: Number of males per enumeration area over the age of 65 (1986)
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3.8 Capturing additional covers

3.8.1 Theroads (1:50 000 sour ce map)

The roads were captured from the 31 1:50 000 map sheets. Arc ids were decided uponfor each road
type, for example an id of 1 was assgned to the main roads, an id of 3 to the secondary roads, an id of
4 to the other roads and an id of 9 to the ralway line. Initidly, bridges and tunnels were going to be
indicated by usng a different user id. The scde of the base maps however did not warrant incluson of

these features.

Each road cover was cleaned to afuzzy tolerance of 0.3000000 and a dangle tolerance of 0.1000000.
The dangle tolerance is set so that small arcs such as dip roads are not deleted during the CLEAN
operation. CLEAN "removesdanglingarcsthat are shorter thanthe danglelength” (ESRI,1993:Glossary-
8). The snap distance for each cover was set at 0.001" and the GRAIN tolerance was st at 0.03".
SPLINE"smooths or generdizesdl currently selected arcs usngthe GRAIN tolerance” (PC ARCEDIT
Users Guide, 1990: SPLINE-1) and the command was carried out onthose coverswithcurved arcseg.
forest boundaries. The GRAIN toleranceisameasurement of the distance that the verticesonan arc are
apart, therefore "if the vertices on the arc are farther gpart than the GRAIN tolerance, vertices will be
added, thereby smoothing the arc” (PC ARCEDIT Users Guide, 199-:SPLINE-2).

Before mapjoining the roads, each of the covers had to transformed. The madter tic file did not have
enough tic pointsto cover the areainsgdethe country boundary, so tic points85 to 107 were added. The
covers were joined using the command EDGEMATCH. Keeping note of the covers became very
important to avoid confusion. Covl for example wasthe |abdl givento the edgematched and mapjoined
road maps 1, 2 and 3. Having joined the maps into groups like this, the larger groups were then
edgematched with each other and subsequently joined. The process looked something like this:

EDGEMATCH covlcov2
cov3 cov2
cov10 cov2
cov8 cov2
cov8 cov3 MAPJOIN cova (covl,2,3,8)
EDGEMATCH cov10 covl
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EDGEMATCH

EDGEMATCH
EDGEMATCH
EDGEMATCH

cov10 cov8
cov4 covs
cov6 covs
cov7 cov9
covb covc

covd covg

MAPJOIN covg (cova, cov10)

MAPJOIN covb (cov 4,5,6)

MAPJOIN covc (cov7,9)

MAPJOIN covd (covb, covc)

MAPJOIN roads (covd covg)

The edgematching process was atedious one, as numerous road sections had been omitted by accident.

Themissng road pieces only became apparent when the maps were joined together and sections were

clearly missing. In cases like this the map was taped onto the digitizing tablet again and the arcs were

added. The cover was built, matched and joined &l over again. The same process was carried out for

each of the coverages. The command APPEND instead of MAPJOIN was used for the point covers

such as schools and hospitals. The final road coverage can be seenin Figure 3.22.

To be surethat each of the processes had been completed, it became necessary to fill out aformshown

inTable 3.4 below.

Cover | Clean | Bulld | Edit | Build | Trandform | Buld | Edge- | Mapjoin | Append
match

Fores | U U Uu |U U U U U X

Foresl | U U U

Table3.4: Anexample of the oper ations form used during data capture (Thisform indicatesthat

a polygon cover was being created; the covers were joined usng MAPJOIN rather than

APPEND)
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Figure 3.22: Road coverage for Swaziland (1991)
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3.8.2 Creating a sample from the Bird Atlas of Swaziland (Parker,1994)

The Bird Atlas of Swaziland (Parker,1994) is the result of seven years of dedicated bird watching and
recording in Swaziland by Vincent Parker with help provided by severa amateur birders. The coverage
is gpparently more detailed than for any other area in the southern African region (Parker,1994:ix).
"Beforethe publicationof this atlas, virtudly no information had ever been published onthe great variety
of bird lifein Swaziland" (Forsyth Thompson,1994:ix). It was consdered appropriate to include data
from a dgnificant indigenous study. Sdecting some of the data from Parker's atlas and incorporating it
in the Population-Environment Atlas of Swvaziland was hoped to serve as an example of the type of

datathat could beincluded in anationd atlas.

The firg step was to decide the best way to input the data and represent it. The atlas has data on
geographical digtribution, abundance and seasondity of bird specieswhichwereknownto have occurred
in the country between 1985 and 1991. Parker (1994) selected a 1/8 degree grid "for which it was
practically possible to compile adequate data for each grid unit during the time available for the proj ect.”
(Parker,1994:1).

It was decided that the 1/8 degree grid for the country would be created inPC ARC/INFO. The cdl sze
of the grid was ca culated by finding out the number of degrees and minutes on the x and y axes of the
1:250 000 topologica map. To create the 1/8 degree grid, the x axis required 12 columns and the y axis

required 14 rows.

y axis X axis

2720'-2540 =140 3210'-3045' =125
(y axiscovers 140" (x axis covers 1 25")
140 = 100 125 =85

100/ 14 =7.142857 85/ 12 =7.083333

The cdculations showed the resulting grid cell had to be 7.1428' by 7.0833' to create the 1/8 grid which
is"roughly square’ (Parker,1994:1).
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The grid was opened in ARCEDIT and dthough it covered the entire screen, the 84 tic points for
Swaziland st in the lower Ieft hand corner. At this stage further problems were experienced with the
hardware. The computer hung every time it reached a certain point. The coverage was moved to a

computer with greaster memory capacity, and no more hardware problems were experienced.

Intrying to solve the problem, it was thought that the solutionmight be found by projecting the grid from
ageographic to anabers projection. Thisdid notwork at dl, resultinginthe grid becoming stretched and
tilted to the right. It was through a process of trid and error and dimination, that the possibility of the
problembeing related to cdll 9ze was cons dered. One Smple step had been omitted. The unitshad been
caculated in minutes and needed to be converted to decimal degrees.

1 minute = 1.666667 of a degree (decimal degrees)
7.142857" x 1.666667 = 11.9047640 (/100 = 0.119047640 to get it into fractions of a minute)
7.08333' x 1.666667 = 11.8055524 (/100 = 0.118055524 to get it into fractions of a minute)

The grid was recreated with the new cdl dimensons. Viewing the result in ArcView, the problem
appeared to have been solved. The grid was then opened in ArcView 3.0 and overlaid with the
enumerationaress, both coverages were overlaid successfully. Statistical data relating to the number of
bird specieswasrecorded intheattribute table. Overlaid withthe enumerationareas, the resulting display
looked very coarse. Attempts at joining the enumeration area tables with that of the bird atlas grid
however did notimprovethe representation. Thegrid was ultimatdy clipped to the internationa boundary
(see Figure 3.23).
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Figure 3.23: Total numbers of bird speciesfor Swaziland (1994)
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3.8.3 Creatingagrid for Swaziland

To hdp withorienting the user, it was decided that a5' by 5' grid indicating lines of |atitude and longitude
would be created for Swaziland whichcould be overlaid with the enumeration areas or any subsequent
coversfor the country. The grid cell Sze wasca culated asfor the bird species grid. Thistime, 20 rows

and 17 columns were needed.

100/20=5'
85/17=5
5'x 1.666667 = 8.333335 (/100 = 0.08333335) - to get it into fractions of aminute

The grid squares had to be 0.08333335' by 0.08333335'". The grid overlad the enumeration areas
without any apparent problems.

3.8.4 Towns (1:250 000 sour ce map)

Thirty nine towns were captured asapoint cover from the 1:250 000 topographica map. The names of
the towns were fed into the attribute table in ArcView 3.0, alowing the user to auto labd the coverage
if so desired. Thetowns of Piggs Peak, Mbabane, Lobamba, Bhunya, Manzini, Smunye, and Makerns
dl have photographs hatlinked to them. The imageseither show the towns themsdlves, or areas of interest

near by. Thefina coverage can be seenin Figure 3.24.
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Figure 3.24: Towns of Swaziland (1989)
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3.8.5 Schools (1:50 000 sour ce map)
All school buildings indicated on the 1:50 000 map series were captured as a point cover. The covers
were transformed and appended. Thefina cover can be seenin Figure 3.25.
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Figure 3.25: Schoolsin Swaziland (1991)
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3.8.6 Electricity Transmission Lines (1:50 000 sour ce map)
The eectricity transamission lines were captured as an arc cover from the 1:50 000 map series, edited,

transformed, edgematched and mapjoined. The find coverage can be seen in Figure 3.26.
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Figure 3.26: Electricity transmission lines (1991)
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3.8.7 Forests (1:50 000 sour ce map)

The forests cover was captured as a polygon cover from the 1:50 000 maps. Although very time
consuming due tothe number of smdl polygons whichhad to be captured and edited (200 polygons) and
the presence of firebreaks in the man made plantations of Usutu and Nhlangano, few problems were

experienced with this cover. The cover can be seenin Figure 3.27.
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Figure 3.27: Forests of Swaziland (1991)
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3.8.8 Nature and game reserves (1:50 000 sour ce map)
The nature and game reserves were captured as a polygon cover from the 1:50 000 maps. The cover
can be opened in ArcView 3.0 according to reserve name. Hlane park has an image hotlinked to it for

viewing by the user if S0 desired. The cover can be seenin Figure 3.28 overlaid with the mines.

3.8.9 Mines - used and unused (1:50 000 sour ce map)
The mines were captured from the 1:50 000 maps as a point cover, and can be seen in Figure 3.28

overlayed with the country's nature and game reserves.
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Figure 3.28: Nature reserves and mines (used and unused) (1991)
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3.8.10 Tourist covers(1:50 000 source map)

All hotels, motels, lodges and border posts depicted on the 1:50 000 map series were captured as a
point cover and canbe seeninFigure 3.29. Animage hasbeenlinked to the hotds inthe Ezulwini Vdley
for the user to view. The names and times of opening and closing of the border posts can be viewed if
the user wishes. Golf courses, airdrips, the main arport, the hot springs in the Ezulwini Valley, dables,
the main roya residence, parliament and the nationd museum are dl visble on Figure 3.30. The man
waterfdls have been induded, with an image hotlinked to the Phophonyane waterfdls. The famous
Sebebe Rock hasbeenmarked and can be viewed through a hotlinked imege aswedl. The maindamfor
water sports has been captured. The golf courses, airstrips, airport and water sports dam are available

as polygon or point covers.
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Figure 3.29: Accommodation and entry pointsin Swaziland (1991)
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Figure 3.30: Tourism interest areas (1991)
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3.8.11 Medical cover (1:50 000 source map)
All hospitals, clinics and hedlth centresindicated on the 1:50 000 map series were captured as a point
cover. In ArcView 3.0, the cover canbe opened so that the three categories are automaticaly visblein

the legend. Thefind cover can be seenin Figure 3.31.
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Figure 3.31: Hospitals, clinics and health centresin Swaziland (1991)
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3.8.12 Post Offices and Police Stations (1:50 000 sour ce map)
All post offices and police stations were captured as a point cover as seenin Figure 3.32.
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Figure 3.32: Post offices and police stationsin Swaziland (1991)
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3.9 Delivery of IDRIS filesfrom Swaziland

During thefirg meatingwiththe Department of Land Use and Flanning in January 1998 it was established
that they had severd environmenta coverages for Swaziland. These coverages had been created with
an older DOS version of IDRISI in cooperation with the Food and Agricultural Organisation (FAO)
(Van Waveren,1998:pers.comm.). Permission to gain access to these covers was obtained at the end
of May 1998. The main concern at this stage was whether or not the coverswould be compatible with

the covers created with PC ARC/INFO.

Whenan attempt to openthe files wasmade in DRISI for Windows, an error message appeared saying
"maximum x and y coordinatesmust begreater thanminmumx and y coordinates’. The coordinateswere
onthe SA grid sysemwhichIDRIS] for Windows does not comprehend "becausethe lowest X, yvaues
are aways inthe upper right corner of themap™ (V anWaveren,1998: pers.comm.). The coordinates given
when asked to describe thefile, were:

min x: 25 000.0000000

max X: -115 000.0000000
min y: 3025000.0000000
max y: 2840000.0000000

Clearly, the minimum x vaue is greater then the maximum; this is where the program found fault. To
rectify the problem, the x and y minimum valueswere swopped withthe x and y maximumvaues. Image
formats supported by ArcView 3.0 were then established. ERDAS was one image that was common
to both IDRISI for Windows and ArcView 3.0. The image files had to be exported from IDRIS and
to do this, the data type had to be converted from packed binary to byte binary. The files could then be

viewed in ArcView 3.0.

The attribute tables for the moisture, thermd, land use, tenure, soils and vegetationmapswere edited to
alowthe user to open each of the coversaccording to actua ranfal amounts, temperatures, tenuretype,

s0il type and vegetation type. These maps can be seenin Figures 3.33 - 3.38.
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Figure 3.33: Moisture zones (Dept. of Land Use and Planning, Ministry of Agriculture,1994)
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Figure 3.34: Thermal zones (Dept. of Land Use and Planning, Ministry of Agriculture,1994)
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Figure 3.35: Land use (Dept. of Land Use and Planning, Ministry of Agriculture,1994)
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Figure 3.36: Land Tenure (Dept. of Land Use and Planning, Ministry of Agriculture,1994)
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Figure 3.37: Soil types (Dept. of Land Use and Planning, Ministry of Agriculture,1994)
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Figure 3.38: Vegetationtypes (Dept. of Land Use and Planning, Ministry of Agriculture,1994)
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3.10 Digital Elevation Model (DEM) for Swaziland

ComputaMaps in Cape Town was contacted via e-mail from the company's web page on the Internet
(http://map.co.zalmaps/dem.htm) and aDEM for Swaziland was ordered. ThisDEM isshown inFigure
3.39. It was hoped that the image files fromthe Ministry of Agriculture, the DEM and the data captured
in PC ARC/INFO would dl overlay. To do this, the converted IDRISI files and the DEM had to be
converted to gridfileswhilst in ArcView 3.0.

From this Digita Elevation Moddl, a generated Triangulated Irregular Network (TIN) was crested for
the country (see CD-ROM e:\Atlas\Cover\tin.omp ). Contours (Figur e 3.40) and Aspect (see CD-
ROM e\Atlas\Cover\aspect.omp) were dso interpolated, concluding step three of the atlas
production.

129



Chapter Three - Production of the Population-Environment Atlas of Swaziland

Figure 3.39: Digital Elevation Mode of Swaziland
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Figure 3.40: Contours
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Chapter Four: Discussion

"Our creations contain more than we design in them and their value and importance increase

as we explore and expose their properties’ (Petch,1994:212).

4.1 Introduction

Inthis chapter an appraisa of the productionand utility of digitd atlasesin Africa, will be carried out. The
dyle of the questionnaire sent to the producers of these atlases will be briefly outlined, followed by a
discussion of the answers received. The appraisal will be presented under a series of headings which
reflect the main themes established inthe questionnaire. The problems experienced during the production
of the Population-Environment Atlas of Swvaziland will be used to support the gppraisd.

4.2 The Questionnaire

A questionnaire was sent viae-mail to the producers of Environmental Potential Atlases (ENPAT)
(Van Viegen et.al.,1998), the Spatial Characterization Tool (Corbett, et.d.,1997), the Digital
National Atlas of Tanzania (Shand,1997) and the Population Atlas of Kenya (Fox,1995). The
guestionnaire was carried out over the telephone for the producer of the Tourism Potential Atlas of

Swaziland (Van Riet,1998).

The questionnaire consisted of twenty Sx open ended questions, divided into four sections. SectionOne
attempted to establish the reasons for atlas production and the means by which work was initiated.
Section Two aimed to determine the amount of work involved and any problems experienced during the
productionprocess. Section Threeendeavored to establishhow marketable the respective atlaseswere.
Thefind section sought to gainingght into the producers opinions onthe potentia utility of digita atlases
in Africa. (See Appendix A for the complete questionnaire).

4.3 Repliesreceived from the producers

4.3.1 Tourism Potential Atlas of Swaziland (Van Riet,1998)

The Tourism Potential Atlas of Swaziland (Van Riet,1998) was commissoned by Tibiyo Taka
Ngwane "as part of plansto expand the tourist industry™ (Stadler,1998(c):14). The project was aimed
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at dassfying the country into low, medium or high potentia tourism development areas. Areas were
indexed according to their scenic vaue. Over grazed areas for example, were given alow rating whilst

mountainous areas were given a high one (Van Riet,1998:pers.comm.).

No digita datawasavailable for the country and most data relating to tourism had to be captured from
scratch using PC ARC/INFO (Stadler,1998(c)). This exercise was a costly one (Van
Riet,1998:pers.comm.). Although the Food and Agricultura Organization (FA O) stationed in Swaziland
did provide some of the data required, none of it could be obtained digitally. With few mapsto choose
from, dl hard copy maps avallable were digitized at scales of 1:250 000 and bigger. River data was
extracted fromthe Surface Water Resources of South Africa (Water Research Commisson(1997) and
land cover wasdetermined through SPOT satdlliteimagery. The cadastral cover for the country available
from the Surveyor Generd's Office was purchased. Ultimatdy it was of little use to the project (Van
Riet,1998:pers.comm.). Data captured included land use, land owners, vegetation, river catchment areas,
actud and potentia conservation areas and population distribution.

Theproject|eadersindexedthe layers of informationfor tourismpotentia, usngther personal knowledge
of the study areaand by meking Stevigts. By overlaying the maps, an overdl ranking for each areawas
obtained (Stadler,1998(c)). ESRI's ArcView withSpatid Andyst and 3D andyst extensions was used
to completethe atlas. The end result is amap indicating three zonesinwhichthe government are advised
to concentrate their efforts.

The atlas has been presented to the Swazi Government accompanied by aversonof ArcView 1.0. Due
to the lack of GIS specidists working in the Kingdom, however, continued future use of the atlas is
thought to be unlikdy (Van Riet,1998:pers.comm.).

4.3.2 ENPAT (Van Viegen et.al.,1998)

The Department of Environmenta Affairsand Tourismwere unable to answer the questionnaire sent to
themdue to time condiraints. A brief background to the work whichhad been done onthe latest verson
of ENPAT (DET,1998) was however given and one of the producers sent the latest user manud in the
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hope that it would provide any additional background information required. The manua held enough

information to answer severd queries about the product.

ENPAT (DET,1998) was born out of a recognised need for an environmental database by the
Department of Environmental Affairs and Tourism in South Africa. The Department were frequently
asked to contribute to development concerns where environmental input was expected
(DET,1998:Chapter 2). The producers of the atlas note that during the process of formulating reports
for proposed development projects, it was found that "large amounts of geogrephicaly related
environmentd data existed, but that it waswiddy disseminated betweenmeany different organizations, and
captured on a variety of mediainanevengreater variety of formats which were not dways compatible"
(DET,1998:Chapter 2). Gaining accessto the informationwas not easy due to the genera "'closed shop'
attitude’ whichmeanthat "it could take literaly months to gain access to or acquire, certaininformation”
(DET,1998:chapter 2). The development of a single database available to interested partiesoutsdethe
Department as well as within was seen as a solution to the problem. It was decided that ENPAT

(DET,1998) would be available a& a minimum cogt to any interested party.

Theproducersof ENPAT (VanViegenet.a.,1998) seeinformationas the key to successful management
of the environment. There is no doubt that the development of their database has provided a broad
spectrum of usersincluding planners, environmenta groups, developers and any member of the public
withvauable environmenta information (DET,1998:Chapter 1). Thenew ENPAT (DET,1998) release
became available to the generd public inthe first week of September 1998 at acost of R200. Acquiring
the CD-ROMS and the accompanying user manud involves the smple process of filling out an order
form and supplying afax number and a postal address. The new release consists of a series of individua
atlases at andaiond, provincid and metropolitanleve. The falowing atlases are provided: Mpumaanga,
North West Province, Northern Province and Gauteng. The Metropolitan Atlases available include
Bloemfontein/Botshabe o, Cape Town, Port Elizabethand Durban Functiond Region(DFR). Eachatlas
conssts of maps showing features such as geology, land-use, vegetation, and cadastral information
amongst others (Fraser,1998:pers.comm.). Included inthe package is an environmenta sengtivity map
for Northern Province, Mpumalanga and North West Province,
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ENPAT (DET,1998) is supplied with a Viewer which is compatible with Windows '95. The Viewer
dlowsthe user to look at the maps without having to buy the ArcView software. For those users who
already have ArcView, the shapefiles on the CD-ROM can be accessed with ease. The maps can be
exported as bitmaps for use in presentation software such as Power Point, if so desired.

4.3.3 Digital National Atlas of Tanzania (Shand,1997)

Having built up adepartmental link withthe Univeraity of Dar es Salaamin Tanzania over aperiod of ten
years Mike Shand, a senior cartographer at the University of Glasgow in Scotland, began to develop a
keeninterest inthe country. HisDigital National Atlas of Tanzania (Shand,1997) grew out of a"desire
to create up-to-date digital data and atlas sheets of Tanzania as a means of contributing to the
development of the country” (Shand,1998:pers.comm.). The intended use of the atlas at the start of
production, was as a genera nationa resource for teaching, adminigirators, government officids and
research (Shand,1998:pers.comm.).

A forma proposal to produce the atlas was submitted to the Survey and Mapping Divisoninthe Ministry
of Landsand Settlements Development inDar es Sdaam, Tanzania. Permissonto produce the atlaswas
granted. Asthere was no digita data available for the country at the start of the project, al spatid data
was acquired through manud digitizing fromhard copy maps. Problems with data accessibility were not
experienced.

The producer of the Digital National Atlasof Tanzania (Shand,1997) notesthat during the production
process he became "well awvare of the problems of finding religble up-to-date cartographic reference
materid" (Shand,1997:pers.comm.). A 1:250 000 topographic map for the country wasrelied uponfor
data capture aswell as maps at 1:3 000 000 scae fromthe 1976 Nationa Atlas. It wasdecided by the
Survey and Mapping Divison and by the producer of the atlas, that dl detalls would be digitized from
the 1:2 000 000 map with no generdization, for future hard copy reproductions. The four map titles
chosen for the atlas pilot project were decided upon according to the most up-to-date data available.

No magor problems were experienced during the productionof the Digital National Atlas of Tanzania

135



Chapter Four - Discussion

(Shand,1997) due agresat deal of pre-digitisng planning and testing which"proved invaluable indeciding
the order and structure required for the data capture process' (Shand,1998:pers.comm.). The atlaswas
producedin-houseat the University of Glasgowin Scotland as part of aMaster'sdegree. A cartographer
by profession, the producer taught himsdf to use the hardware and software required to createthe atlas.
The atlashas been developed using a486PC and Calcomp 9100 large format digitizer. The raster data
capture was carried out using an Epson GT-6500 flat bed colour scanner (A4). MapData was used to
digitize and edit data. This software alows the operator to assign each map dement a unique feature
code, enabling the user to accessthe dementsas separate map layers at alater stage. The base datacan
be saved in an ASCII format and opened as HPGL or ARC/INFO ungenerate. I nthis converted format
the files can be viewed usng awider range of software packages. Shand notes that he "felt it important
that the base map was digitized inaflexible file format to alow cross-platform accessto the digitd data
at alater stage” (Shand,1997:pers.comm.). Convertingthe M apDatafilesintoHPGL plot format alowed
the maps to be imported into Corel DRAW (PC based) for map design and symbol specification. Find
page layout was carried out using and Adobe Pagemaker (Shand,1997:pers.comm.).

No fundingwas received for the atlas of Tanzania Having made aformal proposa to produce the atlas
and to train gt&ff, the joint ATLAS2000 Proposa with the Tanzanian Survey & Mapping Division was
dill inlimbo in June 1998 "for the usud reasons - lack of funding” (Shand,1998:pers.comm.). According
to Shand, the Tanzanian government has been pouring dl fundsinto reversing the devastation to road,
rail, farms and housing caused by El Nino related sorms. Despite the lack of funding, data capture and
generationis being continued; probably throughapersonal desireto witnessthe redisationof the project.

In an effort to make the atlas user friendly, the producer included dtatistical data in tabular form to
complement the map content. The National Digital Atlas of Tanzania (Shand,1997) isnot for sale. A
screen resolution verson is however avalable on the Internet a the following address

http://mshand.geog.glauk/ATLAS%200F%20TANZANIA/atlas.htm

4.3.4 The Population Atlas of Kenya (Fox,1995)
The Population Atlas of Kenya (Fox,1995) is the result of work which has grown out of personal
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research. Funding for the capture of the adminigrative boundaries was obtained from the Human
Sciences Research Council (HSRC). Aswork on the atlas was in the man sdf-funded, however, no
permission for its production was sought. All data was captured from hard copy maps. There did not
appear to be any sgnificant problems experienced inaccessing data for the atlas, dthough the hard copy
mapswere at times"difficult to locate” (Fox,1998:pers.comm.). Theintended usefor theatlasat the start
of production, was to provide an dectronic database to educationa ingtitutions and research

communities.

The Population Atlas of Kenya (Fox,1995) was produced in-house at the Department of Geography,
Rhodes University in Grahamstown, South Africa All digital datawas captured by the producer and two
otherindividuds Each personwas apparently sdf taught frommanuas withinforma advice being sought
where available (Fox,1998:pers.comm.). Financia and manpower limitations dictated the scale of maps
from which data was captured for the atlas. 1:1 000 000 scale cadastral sheets and 1:3 000 000 scale
agro-dimatic sheetswere used. Theleve of detall included was decided uponthrough the intuition of the
producer. DOS, PC ARC/INFO and ArcView versions 1, 2 and 3 were used with 386, 486 and
Pentium PCs. Few unanticipated problems appear to have been experienced during the production

process.

To make the end product as user-friendly as possible a consderable amount of time was spent by the
producer of the atlas, making annotations and labels for the various covers. At acost of US$160, 25
people have bought the atlas.

4.3.5 Spatial Characterization Tool (Corbett et.al.,1997)

The producers of the Spatial Characterization Tool (SCT) (Corbett et.a.,1997) are part of the
Blackland Research Centreat TexasA&M Universtyin the USA.. Although no response was received
from the producers, the manua accompanying the CD-ROMSs hdd a far amount of information with
regards to the main objectives of the project.

The producers of the SCT (Corbett et.dl.,1997) see it as an archive to close data gaps and to improve

137



Chapter Four - Discussion

understanding and research with regards to human-environment interaction. More specificaly it was
"desgned to provide scientists and other decison-makers with a mechanism to easly access
environmenta information for characterizing target areas’ (Corbett et.al.,1997:chapter 1). Although a
amdl mention is made about data availability varying fromone placeto the next, very little is said about
the accessihility of data used. The Spatial Charaterization Tool (Corbett,et.al.,1997) has however
clearly resulted from intensive data collection from avariety of sources. The author describesthe SCT
as "a synthesizing tool which draws from a plethora of internationd efforts at database construction”
(Corbett, et.al.,1997:chapter 1). Thedimatic datawasapparently collected fromindividua scientitsand
inditutions who had been atempting to organize meteorologica data. Data pertaining to soils,
socioeconomic information, populationand land use were attained from other internationa organizations.
There does not appear to be any specific mention of African inditutions playing a role in the data
collection and compilation. If there were difficulties in accessng déta, it is not apparent; the result is il
successful.

The SCT (Corbett et.al.,1997) is stored as gridded ARC/INFO surfaces and ARC/INFO vector
coverages. Work has commenced on the development of a standalone PC SCT which can be run

without the use of GIS software (Corbett,et.al:1997).

4.3.6 Eastern Africa Atlas of Coastal Resour ces: Kenya (UNEP,1998)

The existence of the Eastern Africa Atlas of Coastal Resources: Kenya (UNEP,1998), was only
discovered towardsthe very end of this research project and as aresult of this, aquestionnairewas not
sent to the producers. Reading the introductory pages of the atlas, it becomesclear that data collection
was carried out through manud digitizing and satdliteimagery interpretation. It appearsthat muchof the
raw data was collected by the Kenya Marine Fisheries Research Inditute and the United Nations
Environment Program(UNEP). The acknowledgmentsligt thirty inditutions or individudsfromwhichdata
and information was collected for the atlas. Created out of aneed to ensure future sustainable utilization
of the country's coastline, the success of the data collection must surely owe itsdf in part to the common
interest of the providers of data. The mgority of the individuas names or inditutions mentioned dl have
strong links to the coastd environment.
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4.4 An appraisal of the production of digital atlasesin Africa

4.4.1 Data accessibility

Each of the producers of the various digita African atlases appears to have had very different reasons
for embarking ontheir projects. Before receiving answersto the questionnaireswhichwere sent to them,
It was expected that ther experiences with data accessibility would reflect the backgrounds they were
working from. The producers of the digitd atlases of Tanzaniaand Kenya wereindividuas. Their atlases
grew out of personal researchand it was thought that because these producers were not doing the work
for government, that problems with data accessibility would bemore likdy. Having recelved the replies
to the questionnaire, it hasbecome apparent that neither gpplied for permissionto access digitd data. All
data was captured from hard copy maps which on the whole were readily accessible. Most mapping
departmentsin Africaare morethanhappy to sell hard copy maps available for their countries asissues
such as copyright on written or printed materid iswell established. Unfortunately many hard copy data

sources in Africa are outdated, and discretion in their use is essential to ensure a successful outcome.

It was expected that as part of the South African Government's Department of Environmentd Affairsand
Touriam, the producers of ENPAT (VanViegenet.al .,1998) would have had the influenceto access data
setswhichmight otherwise have beendifficult toobtain. Recognised asareputable body, the department
was thought to be more likely to gain access to data from non-governmenta organizations, than
individuas would be. These assumptions proved to beincorrect. Problemsrelating to data accessibility

before thefirst release of ENPAT (DET,1994) were amotivating factor in its production.

The producers of the Tourism Potential Atlasof Svaziland (Van Riet,1998) were commissioned by
the Swazi government to carry out the project. As aresult of this, problems with access to datawere
expected to be minimd. It isnecessary to keep inmind that the digitd data sets held by government were
and dill are limited. The cadastral database developed by the Surveyor Generd's Office is available at
a cost to anyone who requests access to it. It gppears however, that some frustration was experienced

in trying to secure access to existing digita data held by one of the main organizations in the country.

Due to the fact that a reply from the producers of the SCT (Corbett et.al.,1997) was not secured, the
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problems that they may have had in terms of access to datais uncertain. As aforeign team however, it

Is expected that they may have been received in a pogtive light with data accessibility not being a

problem. As members of aresearch gtation, it isaso highly likely that they had accessto the data sets

of fellow scientists working in Africa

Despite the expectation that acquiring data would be farly difficult for the Population-Environment

Atlas of Swaziland, the initid collection of Satistica volumesfromthe Census Department in M babane,

was fairly sraghtforward. Before the Census Commissioner had had any confirmation of the vaidity of

the research, he was happy to providethe 1986 enumerationdatarequested. Thiswas the latest census

information avalable for the country with the 1997 census datidtics gill being processed

(Mamba,1998:pers.comm.). Table4.1 providesasummary of the periods of data collectioncarried out

for the Population-Environment Atlas of Swazland.

1997

DATA COLLECTION

January

1) Obtained the 1986 census data in Satistica volumes from the Census
Commissioner of Swaziland, without any delays.

2) Unable to access 1997 census data as it was till being processed. Assured
that as soon as it became available, access would be granted immediately.

3) Purchased a 1:250 000 topographic map of Swaziland (1989) at a cost of E10
(Ore Lilangeni = One Rand).

4) Given three 1:250 000 sepia transparencies (1986) showing population
distribution, population dengity and the 1986 enumeration aress.

February

March

April

1) Thes's supervisor writes to the Census Commissioner of Swaziland to
determine whether or not the proposed atlas "would be of use and interest to"

(Fox,1997:pers.comm.) the Census Department.

1) 1:50 000 map series covering the entire country are ordered from Map Office
in Johannesburg (R650).
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June 1) Reply received from the Census Commissioner who affirms hisinterest in the
project

July

August 1) 28 out of the 32 map sheets of the 1:50 000 map series arrive from
Johannesburg

September | 1) Theremaining 1:50 000 map sheets arrive.

October

November

December 1) Visit to the Census Department; the 1997 census datais still unavailable.
2) Informd interview with Petrunella Mamba (Statigtics divison) revedsthe
process of census data collection and reasons for the delay of the 1997 census
data.
3) Gerard Dlamini (Statistics division) supplies adidine copy of the provisond
1997 enumeration aress (1:175 000). A hand written list of the new parcd id
numbers is dso given (see Appendix B).

1998 DATA COLLECTION

January 1) Informa interview with the project leader of the digita cadastrd database.
Problems with software precluded viewing of the product. Suggestion that the
Ministry of Agriculture (MoAC) should be consulted as they were believed to be
using GIS (Johnson,1998:pers.comm.).
2) Informd interview with senior consultant in the Department of Land Use and
Planning (MoAC). GIS (IDRIS!) is used to produce land use maps.

February 1) Fax is sent to the Senior Land Planning Officer in the Department of Land Use
and Planning to request accessto IDRIS files.

March

April
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May 1) DEM for Swaziland is ordered from ComputaMaps in Cape Town (R250).
2) Letter sent to Geolnformation Africa requesting to be contacted by anyone
with information on African digitd alases

3) E-mall received granting accessto IDRIS files from the Department of Land
use and Planning

June 1) Questionnaire is sent viae-mail to the producers of the Digital National Atlas
of Tanzania (Shand,1997), the Spatial Characterization Tool (Corbett,
et.al.,1997) and the Population Atlas of Kenya (Fox,1995)

2) IDRIS files are received successfully over email after two unsuccessful
attempts.

July 1) The British Council in Mbabane is contacted to find out more about a report in
Swazland Today rdating to digita mapping in the country.

2) Second informal interview with project leader of the cadastral database who
was able to demonstrate the now completed project for the country.

3) Informd interview with the project leader of the digitad mapping programme for
the country. Details of the programme are established.

August 1) Questionnaire sent via e-mail to the producers of Environmental Potential
Atlases (Van Viegen,et.a.,1998).
2) The producer of the Tourism Potential Atlas of Svaziland (Van Riet,1998)

is contacted over the telephone to answer the questionnaire.

September | 1) Reply from ENPAT (Van Viegen et.d.,1998) producers who are unable to
answer the questionnaire.

2) Letter sent to Geolnformation Africais published; awaiting replies

October

November 1) Questionnaire answers received from the producers of the Population Atlas

of Kenya (Fox,1995) and the Digital National Atlas of Tanzania (Shand,1997)

December

Table4.1: Summary of data collection for the Population-Environment Atlas of Swaziland
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Theinitid response fromthe Census Commissioner, evident inthe ready provisionof mapsand satistical
volumes, was encouraging eventhough writtenapproval took some timeto obtain. Aswork on the atlas
had not been commissioned by government, the reception to its proposal was uncertain. The interest
expressed by the Census Commissioner wastherefore very mativaing. Accessto the 1986 census data
was givenand subsequent accesstothe 1997 census, promised. A motivated and dedi cated environment

isconsidered to be essentid to the success of a project suchasthe productionof adigita nationd atlas.

Returning to the Census Department in December 1997, aninformd interview with a senior member of
the Statistics divison reveded why the census datawas still unavailable. High school children had been
used to carry out the census questionnaires. Teaching the children how to administer the questionnaires
depended heavily on teacher cooperation. During this time however, there was a large scale teachers
strike during whichthe census data collectionwas adversely affected and the process had to be repeated
(Mamba,1998:pers.comm.). The second census took place at the beginning of 1997. By January 1998
the data was being entered into a spreadsheet with compl etion beingexpected around June or July 1998.
Thetota population numbers for eachregionwere obtained, but the Satigticsfor each enumerationarea

were unavailable. The enumeration statistics for 1997 have been unavailable up to this point.

The 1997 enumeration areas map is being produced in Swaziland for the firgt time. Loxtoll, amapping
company in Johannesburg has previoudy been responsible for the production of the enumeration area
maps for the country. A didine copy of the provisond enumeration areas of the 1997 census was
obtained. The new subdivisons of the old 1986 enumeration areas have been made more visble by
producing the map at ascde of 1:175 000 (Dlamini,1997:perscomm.). It was indicated that the find
enumerationareas map would be produced at the same scale. Inthe digital environment the time involved
in updating these types of maps could be sgnificantly reduced.

Digitd data was obtained rdativey easly fromthe Department of Land Use and Planning in the Ministry
of Agriculture. Taking to a consultant in the department reveded that the information generated by the
officetended to be rather guarded due to unfortunate experiences withdata exchangesinthe past, where
data had been 'borrowed' and then subsequently sold. The department are now understandably careful

143



Chapter Four - Discussion

whengranting accessto their datasets. It was noted that whilgt "there's no problemwithnon-digital data
(maps & reports)...the Minigtry's podtion on giving out digitd information is less clear” (Van
Waveren,1998:pers.comm.). For access to data, applications have to be made in writing to the Senior
Land Planning Officer, being careful to specify exactly what datais needed and for what purpose. Very
little happened for two months and then permissonwas suddenly granted. This occurred after anenquiry
was made by a contact in Swaziland where it is entirdy possble that some 'strings were pulled'.

The digitd files from the Ministry of Agriculture were received over the email with several user
conditions attached. It was noted that the ministry had not yet formally formulated the conditions, but the
badi ¢ outline amounted to the following:

"a)Y ou are not allowed to use the data for any purposes other that those for which permission was granted
b)Y ou have to clearly acknowledge the data source in your reports and any separate maps

¢)Y ou cannot make any modifications without the Section's explicit permission” (Van Waveren,1998: pers.comm.)
The hard copy user manuas were readily acquired at a nomind fee of E20 each. Being granted access

to this data was greetly appreciated as there is dways a chance of being refused.

It is not possible to generalise about inaccessibility to existing digital data being a particular limitation in
theproductionof digitd atlasesin Africa, as only two producersmentioned experiencingproblems. These
were the producers of the Tourism Potential Atlas of Svaziland (VanRiet,1998) and ENPAT (Van
Viegan, et.al.,1998). It isnecessary to keep in mind however that the remaining producers did not apply
for accessto any digital data sets, which is possibly why they did not face any significant difficulties.

The generd impress onafter havingspokento four people who work for government in Swaziland, isthat
data flow between departmentsis poor. There agppeared to be very little knowledge about what other
departments were doing with regards to GIS work for example. If each department were more aware
of the extent and type of data they had, data duplication could bereduced and informationdissemination
fostered.

In acommercid setting the amount of time spent on data collection condtitutes a large proportion of the
cost of aproject. Spatia datafor most Africancountriesislimited and if digital data for these territories
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Is captured by governmenta or non-governmenta organizations, it is of utmost importance that access
to thet data is made available. Information held under lock and key isof useto avery limited number of
people. If departments are nervous about providing accessto data, legd guidelines for its use should be
st up. Data accessihility is thought to be one of the most important factorsinthe successful production
of digitd atlases in Africa. If data is made available through cooperation between departments and
organizations, the lengthof timerequiredto complete digital nationd atlases could be dragticaly reduced.

Thereislittle doubt that remotely sensed data could help fill inthe gaps for many Africandata sets. Some
aress are so vast that detailed mapping 'on the ground' would be an impossibly expengve undertaking.
The only drawback to thisis the cost of acquiring the imagesand the need for experienced personnd to

interpret the results,

"The Internet, in conjunction with other technologies, presents a new way of bringing GI'S applications
to African countries..." (Stadler,1997(d):27). The African Data Dissemination Service (ADDS) (US
Geologica Survey (USGS),1998) is one site which has the ability to serve as a digital data archive for
the continent. Looking at the ADDS (USGS,1998) web site briefly, numerous countrieshave beenlisted,
but most have very little digitd data on offer.

The ADDS (USGS) homepage outlines possible options for the viewer to choose from. These include
a project overview, data holdings of the organization and an overview of the data providers. The user
has the optionto access data according to Geographic Area, Region/Country, Data Theme or Geospatia
Search Engine. An error message indicating that the server was down or busy was received when the
‘project overview' was selected. The 'data providers were then accessed to see who the main
contributors to the data service were. There were no African researchers amongst the organizations
listed. The contributorsinclude the Associatesin Rural Development, Inc. (ARD) from Burlington in the
USA, the Generd Internationd Science and Technology Indtitute, the Office of Arid Land Studies
(OALY) at the University of Arizona, the Nationa Aeronautics and Space Adminigtration (NASA), the
Nationa Oceanic and Atmospheric Administration (NOAA) with country informeation (area, capitd,
officd languages, currency and continent maps) obtained from the CIA WorldFact Book. The ADDS
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(USGS,1998) server data haldings dlow the viewing and download of data for the whole African
continent, regions of the African continent or individua countries.

By choosing to look & the ARD site, one has the optionto searchther geographic informationservices
and technologies. A lig of current projects is given; dl of which are being carried out in third world
countries. One of the projects reported on is an 'Assessment of Country-wide GIS Potentid in
Botswana. The government of Botswana is reported to be swamped by a proliferation of GIS systems
and databases which have been used in a wide variety of applications. Standards for database
development have not been commonto dl organizations whichhasresulted inalack of coordinationand
costly duplicationof datacapture (ARD,1998). The Botswanan government has sponsored ARD tolook
at the country’s GIS requirements and capabilities in seventy government minidries, departments and
private sector organizations over a one year period. Returning to the ADDS (USGS,1998) homepage,
digitd data was searched for on severd countries. Starting with Botswana, the country flag, country
spedific information and a lig of avalable digitd data for the country was displayed. Under the
‘Satelite/lmage Data, aNormdized Difference VegetationIndex (NDV ) was available for the country.
'Digitdl Map Data provided an adminidrative boundariesmap or areferencemap whichcould be viewed
or downloaded. There was no mention of the project which the Botswanan government has

commissioned ARD to carry out.

With knowledge of the existing digital atlases of Kenya and Tanzania, it was decided that the Sites for
these two countries would be opened. The NDVI was available for both as were adminigtration and
reference maps. Kenya had an additiond rainstations map accompanied by a satement whichnoted that
the cover should not be used for navigationor for the production of maps needing high geodetic accuracy
(USGS,1998). There was, however, no mention of the existence of digitd atlases for either country.

Looking at the digital dataavailable for Swaziland, an attempt was made to access the NDVI. An error
message was received indicating thet the requested address could not be accessed. The digitd map data
includes the usud reference map avallable for the country, digplaying the towns, main roads and rivers.
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The key on the adminigrative boundariesmap refersto a'level 2 boundary’. This boundary represents
the digtricts. It was fdt that more information should be provided to the user. There are consderable
footnotes rdating to the ARC/INFO polygon covers. The adminigtrative boundaries were apparently
captured a 1:100 000 scale as part of a Famine Early Warning System (FEWS) and ARD project and
can be ordered over the Internet. The purpose of the map is also given. It is hoped to be used in
conjunctionwithother datalayers, to show the spatia distribution of the international boundary and lastly
is to be used inmoddling and demonstration projects. In the ream of writing attached, it is noted that if
the dataisused, USAID, FEWS, EDC, the Internationa Programand the US Geologica Survey should
be acknowledged. A disclaimer has been added to the dataand anoteto say that "this data set contains
datathat has copyright protection and is not for generd (public) distribution” (USGS,1998). Firdly the
scae of map from which the data has been captured, is not that detailed and as aresult is possibly not

worth ordering; secondly, accessis denied if oneis part of the genera public.

In Africa there is little doubt that the Internet could help promote data dissemination and a ste like
ADDS (USGS,1998) could be used to report on and store data sets from current GIS projects for
individua countries. E-mail addresses of people involved in particular projects could be made available
should another country want advice on a amilar project. More detailed data sets could be made
ble through ajoint effort of governmenta and non-governmental organizations. It is necessary to
bear in mind however that in Africa, there are 700 millionpeople and lessthan one percent have access

to the Internet (Stadler,1997(d)).

Datasetsare becomingincreesngly avallable at a cost, from private organizations. The Human Sciences
Research Council (HSRC) has produced adata set described as"anatlas that amsto show the service
needs of South Africas nine provinces' (Reporter,1998(b):12). The report states that the HSRC is
encouraging access to the information which has been generated. The cost of the digital datais noted as
being between R10 000 to R15 000. Although one can accept the cost of data capture and the need for
organisations to recoup costs, payment for Data sets such as these may be beyond some budgets and
should be modified for particular concerns,
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In May 1998, aletter was sent to the editor of Geolnformation Africa, asking if she knew of any other
Africandigita atlasesbeing produced. Theletter was placed inthe mailbag section of |ssue 7 (September
1998). Unfortunately, no feedback has been received. The flow of information between GIS users in
Africaneedsto be fostered. Although there has not been muchtimeto receive input, it would have been

of great use to gain the opinions of more African digital atlas producers.

4.4.2 Data sour ce issues

The producer of the Tourism Potential Atlasof Swazland (VanRiet,1998) appearedtofind the choice
of mapstowork from, limited. Asaresult of this, awide variety of data sourcesat varying scaeswere
relied upon. Retrieva of datafromsuchdiversesourcesrequires abroad knowledge base; arequirement

which can be difficult to secure in the African context where in most cases budgets are limited.

It would seem that the lack of digital data captured for African countries, has meant that a measure of
reliance has been placed on exiging hard copy maps for data capture. The producers of the Digital
National Atlas of Tanzania (Shand,1997), the Population Atlas of Kenya (Fox,1995) and the
Tourism Potential Atlas of Svaziland (Van Riet,1998) dl indicated that they had manudly digitized
hard copy mapsinorder to capturedata. As has already been discussed in Chapter Two, alack of up-
to-date paper maps is a problem in many African countries at present. The accuracy and leve of
completeness of available base maps has the ability to prevent many African countries from embarking
on and producing worthwhile digita mapping products. During the production of the Population-

Environment Atlas of Swaziland, severd problems regarding map standards were met.

The firgt problem related to the way in which the map eements had been displayed. At the sart of the
project, the maps acquired included a topographic map of Swaziland (1989). Thismap provides the
viewer with agenerdized overview of most features of the country; one can immediately see the mgjor
road network, generalized land use and towns for example. An attempt was made to digitize the district
boundaries from this map. The boundary line had been represented as a series of crosses which were
difficult to follow for digitizing. The digtrict boundaries however are merely outlined for orientation
purposes, they were not suitable for accurate data capture. Likewise, digitizing the boundariesfrom the
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didine copies, wasinappropriate. Although the boundary representationwasclearer inboth maps, it was
hand drawn and the boundary ran out in places dong the river on the population distribution map. On
the population density map, dengty circles obliterated the boundary line. For greater accuracy, it was
necessary to digitize the district boundaries from the 1:50 000 map series. The 1:50 000 map series for
Swaziland was produced in 1991. Although seven years out of date, this map series is probably more
recent than those available for many African countries. This map series had to be ordered at a cost of
R20 each and 31 sheets were required, meking the total cost R620. Thisisan additiona cost which
producers of nationd digita atlases would need to add to their expense shests.

The enumeration areas map had been draughted at 1:250 000 scale; this data does not exist at alarger
scale. Some of the lines on this map were particularly difficult to make out. The locationd accuracy of
the map was questioned,; it did not fit within the international boundary when the two were overlaid. The

geodetic accuracy of the enumeration area cover is uncertain.

If the base maps of African territories were up-to-date, the cost of hardware (digitizing tablets or
scanners) dill may preclude those Africancountrieswho wishto embark on digital mapping projectsfrom
doing s0. Assuming that the base maps are of an acceptable qudlity, digitizing appears to be the more
affordable option

4.4.3 Data capture; Digitizing

Although it is not particularly difficult to learn, poor digitizing habits and human error can introduce
Inaccuracies above and beyond those a ready inherent insource base maps. Many of the errorsidentified
during the digitizing of the Population-Environment Atlas of Swazland, were entirdy humanrelated.

Digitizing from the enumeration area map took place over three weeks and in this time, the map was
removed from the digitizing tablet once, to minimize damage. The digitizingwas carried out as quickly as
possible, to avoid the effects of dtretching or warping of the paper. The measure of error which could
have crept in over thistwo week period could however gill have been have been significant.
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With the numerous lines on the enumeration areas map, digitizing had to be carried out methodicdly to
make sure that lineswere not omitted by mistake. Lines which had been digitized were highlighted with
ayelowmarker to disinguishthemfromthosewhichtill needed to be captured. The difficulty of seeing
some of the lines on the enumeration area map for example resulted in the digitizing of parcel boundary
lines which were in fact roads. Some boundaries were omitted atogether. Thiskind of error was only
noticed a alater stage when covers had to be joined and resulted inalengthy process of checking and
correcting. Thiswas an extremey time consuming processwhichinacommercia setting would be costly.

Maintaining some sort of structure to the data capture process is very important. The producer of the
Digital National Atlasof Tanzania (Shand,1997) carried out extendve pre-digitizing planning to avoid

any mgjor problems occurring during the data capture process.

It was found that many errors can in fact be avoided with experience. It is impossible to learn how to
troubleshoot without being forced to work through problems time and again. Errors can creep into the
database at different stages of production. Inthe production of the Population-Environment Atlas of
Swaziland, entering incorrect enumeration id numbers for example madefor confusng resultswhenthe
cover was viewed in ArcView 3.0. Kegping ajournd of the production process made it relaively easy
to back track and rethink where awrong step may have been taken. If there are severa people assigned
to a data capture project, it is suggested that each person completes their own data capture section. If
anyone else had tried to follow the thought processes recorded in the journd during the production of
the Population-Environment Atlas of Swaziland, the troubleshooting process would have taken that
much longer. It isfdt that none of the requirements related to successful digitizing are out of reach of

African countries.

4.4.4 Format

Standardization of digital dataformatsis one areainwhich Africancountries are going to need to focus
their attentionif dataflowisgoingto be fostered and unnecessary costs of recgpturing data or converting
data are to be avoided. One of the reasons for the development of ENPAT (DET,1998) was to avoid
the problem of incompatible data sets. The project |eader of the cadastral database in Swaziland, made
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particular mention of the fact that converting the database from UNIGI Sinto amore conventional format
was one of thelr future priorities (Johnson,1998:pers.comm.). The format that the databaseisin now is
limited to those who are able to convert it into ARC/INFO or use it asit is. The project leader of the
digital mapping project in Mbabane noted that the data they were capturing was going to be made
avaladlein four different formats to make it accessible to as wide a user base as possible. Ultimatdly it
Is hoped that dl digita data which has been captured for the country will be hed in anationd database
(Smelane, 1998:pers.comm.). Noting that there was not much choice with regards to the scale or type
of maps available for the Tourism Potential Atlas of Swaziland (Van Riet,1998), severd digita data
sources were tapped. Capturing data from such a variety of sourcesis no doubt costly, but now that it
isin auseable format, it should be incorporated straight into the developing nationa database.

Problems with competibility were experienced with the land use covers acquired from the Ministry of
Agriculture. They arrived in an old verson of IDRIS format and some professond help in the form of
Dr. Tony Pamer (fromthe Albany Museum, Grahamstown) had to be sought. It was only after aprocess
of trid and error that the files could be opened in IDRISI for Windows. The images then had to be
imported into ArcView 3.0. Opening the fileswas again time consuming, as the process was unfamiliar.

It isimperative that data capture is carried out in aformat accessble to the majority of users.

The Tourism Potential Atlas of Swaziland (Van Riet,1998), the Population Atlas of Kenya
(Fox,1995), ENPAT (DET,1998), the SCT (Corbett,et.a.,1997) and the Eastern Africa Atlas of
Coastal Resources:Kenya (UNEP) have al been developed on ARC/INFO software and in theory
should therefore be compatible. Having opened the SCT (Corbett,et.al.,1997) with ease, one of the
coverages from the Population-Environment Atlas of Swvaziland was overlaid. The internaiond
boundary of the SCT (Corbett,et.al.,1997) is dgnificantly more generalised, but the covers overlaid
without a problem. Coverages from the atlas however could not be overlan with those from ENPAT
(DET,1998). The Environmental Potential Atlases (DET,1998) coverages have been projected into
albers whilg the coverages in the Population-Environmental Atlas of Swazland are unprojected.
These problems can be overcome relatively eadly without having to convert data. Having accessto a

wider variety of data sets increases the possible utility of aproduct such asadigitd nationd alas. The

151



Chapter Four - Discussion

more data layers which canbe used in conjunctionwitheach other, the more composite information will
become available.

4.45 Software

Themanproblems experienced withthe software during the producti onof the Popul ation-Environment
Atlas of Svaziland were as aresult of inexperience; most of the work involved discovery by trid and
error. Inseveral cases, coverswere noticeably mismatched whenthey were overlaid. Smdl errorswhich
were not noticed until after the covers had been transformed for example, meant returning to the origina
cover, editing it and following through the process again. These problems were, more often than not,
related to mistakes which had been made in the tic filesof the separate covers. Forgetting to dter fuzzy
tolerances resulted inthe over-generalisation of lineswhere nodes had been snapped together. Redlising
the mistake again meant returning to the origina cover, setting the necessary tolerances and garting over.
Correcting the errorswastime consuming, but it is accepted that the teething process can be lengthy; this
is part and parcd of familiarising onesdf with the product. Problems such as these however are eeslly
recognisable after dealing with them severa times, so whilg the initid problem solving could be time
consuming and costly, this may decrease as experience is gained. The likelihood of experiencing Smilar
problems by other producersis quite high. Due to the Sze of Swaziland, achieving arddively detaled
and accurate digitd national database should not pose too many problems for the country. For larger

African countries the process could well turn out to be too codtly.

Attempting to open the IDRISI files in IDRISI for Windows proved to be problematic. The man
problemwasthat "most GI S systems, induding IDRIS for Windows, don'tlikethe SA grid becausethe
lowest X,y vaues are dways in the upper right corner of the map” (Van Waveren,1998:pers.comm.).
Developed in the Northern hemisphere, sysemslike IDRIS recognise the coordinate systems relevant

to that area.

Some errors such as diver polygons, which had been created in PC ARC/INFO, were only visblein
ArcView 3.0. Thiswasextremdy frugrating as the cover had to be reopened inPC ARC/INFO tomake
the corrections. Thisincreased the amount of time required for data capture. Software is becoming more
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user-friendly dl the time, the problem with thisis that most Africaningitutions may have the fundsto buy
one verson of software, but will in dl likelihood be unable to afford subsequent upgrades.

That software should be available in the language of the user has been acommonthread inthe literature.
The experience gained from the production of the Population-Environment Atlas has supported this
to a certain extent. Throughout the data capture processfor this atlas, the ESRI manuas accompanying
the PC ARC/INFO software were heavily relied upon. In many cases the explanations were felt to be
too brief. With English as amother tongue, an advantage exists over someone who istrying to decipher
these manuas with English as a second language. There is no doubt that manuas need to be trandated
into the firgt languege of the operator. The atlas produced this year by the Human Sciences Research
Council (HSRC), amed at service provison in the provinces of South Africa, comes complete with a
multi-lingual user interface. The maps canberead in English, Zulu, Xhosa, Northern Sotho, Germanand
French (Stadler,1998). Thiswill grestly improve the value of the product with increased understanding
and appropriate usage guaranteed.

The cost of software may be one area which limits the adoption of digital mapping exercises or the
productionof digitd nationa atlasesin Africa. Using the GIS equipment available at Rhodes Universty,
accessto PC ARC/INFO, ArcView 3.0 and IDRISI for windows software was readily available. The
producers of the Digital National Atlasof Tanzania (Shand,1997) and the Popul ation Atlas of Kenya
(Fox,1995) dso both had accessto the fadilities of their respective universties. The fact that the expense
of buying equipment was not experienced, issgnificant. If the projects were not successful, money had
not been wasted; the equipment would still be used by the respective learning inditutions. One needsto
take into account the fact that the purchase of software and hardware for digital mapping is costly. For
organizations which have failed to see a digital mapping project through to its logica conclusion, the
equipment is likdly to be left unused.

Having made a decisionto buy the necessary hardware and software, African countries need to be sure
that the products will be useful not only to a select few, but to a broader base of people. The Eastern
Africa Atlas of Coastal resources. Kenya (UNEP,1998) is noted to currently be avaladle to
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adminidrative indtitutions, research and academic interests, but "itselectronic format will keep it beyond
the reach of alarge number of potentia users’ (UNEP,1998:3). To get around this problem in the
meantime, the atlas has been distributed as a series of hard copy maps with an accompanying book.

Software packages suchas PC ARC/INFO and IDRISI have been highlighted as being too expensive
to adopt by Africancountries (Verheust,1998:pers.comm.). In a conference held at Rhodes University
in July 1998, Mr Verheudt, a fisheries and Data Management Officer in Zimbabwe, gave atak on the
use of Gl Sinthe Aquatic Resource Management Programfor Local Communities(ALCOM). Henoted
that they use the smplest system possible. For digitizing ther data, WINDISP is used. This is a free
program which has been developed by FAO. It is a raster mapping package with its only mgor
disadvantage being a colour range limited to 250 classes. Map Viewer is used with custom written
software. The solutionfor by-passing expensve software may have beenfound by this organization, but
it dill appearsto be lead by aforeignteam. Local people need to be trained in software design to ensure

thair needs are met now and in the future,

446 Hardware

The Population-Environment Atlas of Swazland was produced ona486 PC with 32 meg of RAM
and laterly a Pentium PC with 94 meg of RAM. The difference in speed during the use of commands
suchas CLEAN whenusng the Pentium was marked. To reduce productiontimes, the highest powered
PC affordable should be used. Owing to the computer crashes whichwere experienced whilst usng the
486 PC during the production of the Popul ation-Environment Atlas of Svaziland, itissuggested that
only computers of this capacity or above should be considered for useinatlas production. The frustration
factor with regards to computing speed and reliability may be too high if lower capacity computers are
used. It is necessary to mention however that the computers which were being used to produce the
Population-Environment Atlas of Swaziland were open for use to al postgraduates and staff (+ 20
people) as well as undergraduates during GIS coursework (+/- 40 people). The usage was therefore
reldively high with hard drive space being taken up by other people's work; a ful hard disk wasthe
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cause of one of the computer crashes. If workisdtrictly archived and hard disk space ismaintained, these
problems may not be experienced.

Aswithsoftware, the cost of hardware could be a limiting factor inthe Africanstuation. Woods (1993)
suggests that developing countries have the capacity to assemble afew parts of the hardware required
in IT, which would reduce costs. Another option is to consider the second hand market for purchasing
hardware. If maintained properly however, good qudity equipment could last a considerable amount of
time. Inthe Surveyor Genera's Officein M babane, the photogrammetry stations that have beenused for
15 years have smply been incorporated into the more modern set up by linking them to computers
insgtead of the usud plane tables.

The hardware required to produce the Population-Environment Atlas of Swaziland, and the
Population Atlas of Kenya (Fox,1995) essentially amounted to acomputer and adigitizing table. For
the Population-Environment Atlas of Swaziland, a Summagraphics Summeagrid IV digitizer and a
Houston Instrument digitizer were used.

4.4.7 Liveware; training

Learning to digitize data from hard copy maps, is not difficult. Once the steps have been learnt and
repested, many of them become habit. It is suggested, however, that ageographic background of some
sort is an essentid. Having completed a geography honours course in GIS with a very smdl practica
component but a considerable theoretica component, work onthe Popul ation-Environment Atlas of
Swaziland was the first mgjor data capture exercise embarked upon. As a geography student, spatia
awareness was understood and provided an invauable understanding of the GIS environment. The
opportunity to 'practice’ before data capture for the atlas began was important. A digitizing job over a

period of two months was commissioned, providing invauable experience.

African ingtitutions looking to employ people for data capture cannot rely on the trainees to teach
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themsdlves the basics. As a cartographer, the producer of the Digital National Atlas of Tanzania
(Shand,1997) clearly had the necessary training inspatia gpplications which is a greet advantagein the
learning and use of Geographic Information Systems. Having a solid understanding of map work and a
Spatiad awareness is a necessary sarting place in the training of people to use GIS. Three people were
involved in the creation of the Population Atlas of Kenya (Fox,1995); al geographers by training. A
lack of training limits the utility of digitd atlases. The Tourism Potential Atlas of Svaziland (Van
Riet,1998) is unlikely to be used in the future due to alack of skilled manpower in the kingdom.

Learning from mistakes and taking time over problem solving is aluxury which may not be afforded in
the business sdtting. Even with experts at hand to point people in the right direction when they hit a
problem, the most vauable lessons are often learnt when one hasto sit and work it through for oneself.
Traning coursesfor people need to be thought out very carefully, taking into account that 'spoonfeeding'
Isoftennot the best way of learning. The time needed and the costsinvolved may be alimiting factor to
digitd alas production in Africa

4.4.8 Funding

The Census Commissioner for Swaziland indicated that his department had the computers necessary for
digitd mapping, but did not have the funding to train staff. Realising that there would be no funding
available from government to produce the Population-Environment Atlas of Swazland, it became a
personal venture, reying on other sources for some of the money needed. Havingaccesstothe necessary
hardware and software meant that operation costswere not as high as they could be for such a venture.
The only payment necessary was for severd trips to Swaziland, the printing of maps and the writing of
the atlasonto CD-ROM. A lack of funding certainly did not hinder productioninthis case, but onalarger
scae project where field workersneed to be paid and data captureis carried out to a greater extent, it
is easy to see how a drought in funds could bring a project to a standtill.

In the case of the Digital National Atlas of Tanzania (Shand,1997) where funding has not been
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forthcoming, the producer has continued data capture. The likelihood of people working voluntarily on
aproject like this is amdl, unless personal interest is great enough. In a recent communication dated
November 1998, it was noted that funds had till not been made available. It is essentid therefore that
adequate funds are secured before work begins.

Where funding can be secured, for example incases such asthe Tourism Potential Atlas of Swvazland
(Van Riet,1998) which was commissioned, a budget for the production can be worked out. Knowing
that there are adequate fundsto complete a project, isimportant. The possibility of running out of money
could have asgnificant effect on thelevel of motivation of the team working on the project. Whilst the
UK based Depatment for International Development for Swaziland funded the initid purchase of
computers and training for the digital mapping project inthe country, the project leader noted that hewas
hoping thet funds promised by the Japanese government would come through by September 1998. If
these funds did not arrive one might be tempted to ask what happens to the project; surely it cannot be
left haf completed. One would imagine that the DFID might step in, but one cannot rely on this.

Lessfinancid ad isreaching African countries these days. The South African government is making a
concerted effort to encourage people to rely on themsealves rather than outsde aid. Loca Economic
Development (LED) encourages community level reliance. If this could be fostered at departmentd leve
in government, and money could be raised within a country to pay for digital mapping projects for
example, perhaps therewould be more of a case to be made in favour of African countries utilizing this

technology.

4.4.9 Subjectivity; deciding what to include

When the production of digitdl atlasesis undertaken by individuas who are not adhering to production
guidelines, persond choices play asignificant role in the presentation of the end product. It has dready
been stated that the undertaking of adigital project such asadigitd atlas, should take into account the
needs of the end user. In the case of the Tanzanian, Kenyan and Swaziland atlases, possible end users
were identified, but their exact needs were not determined. As aresult of this factors such asthe levels
of detail captured and features included to improve user-friendliness, have been decided upon by each
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producer. The possible result of this, is a group of countries with nationa digita atlases cgptured from
avaietyof scaleswithvarying leves of accuracy and usahility. Production of digita atlasesinthisfashion
may serve as a useful platform from which to sart anationa database, but additional data capture may
need to take place to generate greater detail depending on the needs of the user.

In cases where different parties have captured digitd data for the same country, frustration can arise.
Using the 1:250 000 topographica map asther base map for example, the Department of Land Use and
Panning have produced seven covers for Swaziland. Overlaying a cover from the Population-
Environment Atlas of Swaziland captured fromthe 1:50 000 map series, the boundaries do not quite
meet. This could affect the results of any queriescarried out usng coversfromthe two different data sets.

It is suggested that standard guiddines for the production of digital atlases could be set up to try and
ensure that levels of detall are more or less uniform. If work was being carried out on the border of
Tanzaniaand Kenya for example, and the two available digitd atlaseswere used, differencesinthe leve
of available data could be quite frustrating.

Each person's opinion of what makes something easier to comprehend, will differ. When asked what
measures had been taken to make the atlas particularly user-friendly, the variety of answers reflected
persona opinion. The producer of the Population Atlas of Kenya (Fox,1995) noted that annotations
and labelsfor the various covers had taken up much of his time in the effort to make his atlas easier to
work with. The producer of the Digital National Atlas of Tanzania (Shand,1997) indicated that
datigtica datafed into tabular format was included to complement map content. The producers of the
Eastern Africa Atlas of Coastal Resources (UNEP,1998) have made an effort to present the atlasin
a user friendly format, realising that the mgority of the interested parties do not have access to the
necessary computing equipment to work with it. Asaresult of this, the maps have been distributed as
hard copy map shests,; a format which isfamiliar to mogt, until hardware and software becomes more
widdy available.

The anayticd capabilities of the SCT (Corbett et.al.,1997) are outlined inthe accompanying manua as
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Ste(point) characterization(climate, popul ation dengity etc.), zone mapping, zone (area) characterization,
transect generationand dynamic plot (Climatic change over ayear). The producers have noted that whilst
many organizations have attempted to develop environmental data sets, the user had to be a GIS
ecidid to access it. The modified Graphica User Interface (GUI) in product is amed at the non-
pecidist aswell. The ease with which these data sets are opened from CD-ROM, indicate how user
friendly they are.

The producers of ENPAT (Van Viegen et.a.,1998) as members of a Sgnificantly larger team have
provided their atlas in acarefully designed package. They actively encourage feedback from their user
base, but updating of their atlases will be limited to as few editions as possible due to cost, unless
"changes in information or the availability of newer or more accurate data sets' (DET,1998:chapter 8)
arise. The Viewer included in the package is evidence of the effort which has been made to make the
atlas as usable as possible. The amount of detail included in digitd atlases and the number of features
added to improve usability is of course directly affected by available funding.

Other differences which may cause frudtration to the users, are discrepanciesin the cost of atlases and
data sets. The Tourism Potential Atlas of Svaziland (Van Riet,1998) as mentioned previoudy, was
acommissioned work and belongs to Tibiyo of Swaziland. Genera accessto the atlas has not yet been
determined. The SCT (Corbett,et.a.,1997) isavailable as a series of CD-ROM Swithamanud at acost
of US$40. The National Digital Atlas of Tanzania (Shand,1997) is not for sde. ENPAT (Van
Viegen,et.a.,1998) costs R200 and is avalable on CD-ROM with an accompanying manud. The
Population Atlas of Kenya (Fox,1995) costs US$160 and is accompanied by a User's Reference

manudl.

If thereare usersinthe target Africancountries, trained enough to usethese digita projects, there should
be enough people to coach these countries to produce their own digita products.

4.5 An appraisal of the utility of digital atlasesin Africa
Each producer appears to have had a different vision for the development of hisher atlas. For the
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producer of the Digital National Atlas of Tanzania (Shand,1997), the idea of contributing to the
development of Tanzaniawas what drew himto start work onhis pilot study for the atlas. He hoped that
the atlaswould serve "asagenerd nationa resource for administrators, government officids teachingand
research” (Shand,1998:pers.comm.). Hisapproachcomesfromknowingthe benefitsof adigita database
in the developed world context, and seeing a role for it in Africa The Population Atlas of Kenya
(Fox,1995) grew out of exiging researchinthe hopeof providing"educationa inditutions (esp. inKenya)
and the broader research community withan dectronic database” (Fox,1998:pers.comm.). Bothof these
producers see a positive role to be played by digita atlases in the African context.

The producer of the Digital National Atlas of Tanzania (Shand,1997) notes that there are so few
African digitd atlases existing at present that he finds it difficuit to make any congructive conclusons
about their actud utility. He does note that the existence of a nationd digital atlaswould aid the exchange
of digitd data for regiond projects within a country and serve as a source for more detailed regiond
alases. In Shand's opinion, the "use of digitd atlases in Africa is a vitd component of nationd
devdopment and would be a vauable tool for users within and outwith each country"
(Shand,1998:pers.comm.). In his experience the digitizing of maps and atlases in Africa has not been
specificaly for andyss and decisionsupport but for the production of hard copy map sheetsand atlases.
To the public eye the format remains unchanged, but to the producer updating these digitd maps and
reproducing themismucheasier. Shand notesthat atlasesinthis case are available as non-editable raster
productsonthe Internet or CD-ROM. The Department of Land Use and Planningin Mbabane has used
IDRISI to produce hard copy mapsof land use. Andyssisnot carried out due to alack of manpower,
but the maps produced serve their purpose fairly well.

In Fox's opinion, digita atlases have helped in more applied research, particularly into population and
environmentd issuesin Africa. The Eastern Africa Atlas of Coastal Resources. Kenya (UNEP,1998)
has been created to planfor sustainable utilizationof Africas coastline. Whilst the database will be used
to ad planning and decisionmaking, hard copy maps have been produced aswel. Thisatlasmarries the
two usesof digita atlasesin Africa envisaged by Shand and Fox. An additiona use mentioned by Fox,
which may seem less obvious, is the examination of political trends which have been carried out for
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Kenya, South Africaand L esotho. For South Africaand L esotho, muchdatafromENPAT (DET,1998)
was used, with some very interesting trends emerging.

At the gtart of production for the Population-Environment Atlas of Swaziland it was hoped that the
atlas would be used by the Census Department to improve the efficiency of data management and
provide ameans of visudly representing population patterns. Seeing the work and initid success of the
digital mapping project in July 1998 was encouraging; there isared posshility that data flow between
the various government departments could be fostered. A group of people have been trained and are
now skilled in data capture techniques. In the future, andyss will become a priority for usein projects
such as the dectrification of rurd schools. With a locdly trained workforce, there exists the possibility
of continuity without experts being posted to another country leaving an ill trained workforce behind. A
digita nationd atlas holds the potentia to aid problem solving.

Perhaps the best way to demongtratethe potentid utility of digital atlasesin Africaisto take Swvaziland
as an example, comparing atraditiond atlas of the country withthe Popul ation-Environment Atlas of
Swaziland. With the am of trying to obtain some examples of traditiona paper atlases for the country,
a search for commercidly available atlases was conducted. The only atlas available in the shops in
Mbabane in December 1998 was The Atlas of Swaziland produced in 1983 by A.S. Goudie and D.
Price Williams. Looking through the atlas, the layout isinmonochrome and is printed on a coarse paper;
unlike many of the present day atlases printed for the United Kingdom or Europe for example. All the
standard map information has been shown in this 90 page publication, accompanied by some interesting
queried

Looking at examples of some of the maps displayed in The Atlas of Swaziland (Goudie and Price
Williams,1983), immediate advantages of digital atlases become apparent. In Figure 4.1, painstaking
line hatching has beenused to depict rdief. Withadigitd atlas, amore detailed map canbe created more
quickly, for example in the form of a generated TIN. The TIN created for Swaziland can be seenin
Figure 4.2. The degree of detall evident can be produced within a matter of 20 minutes. The three-
dimengond impression vastly improves visudization. The creation of amap indicating rdlief through the
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use of contours as seen in Figure 3.40 can aso be carried out in ArcView with relative ease,
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Figure4.1: Relief (Source:Goudie and Price-Williams,1983,p16)
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Figure4.2: Triangulated Irregular Network (T1N) of Swaziland showing elevation data
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In Figure 4.3, the representation of the country's soils relies on identification through Iettering and line
hatching. Thereislittle doubt of the improvement in cognitive understanding that the use of colour makes.
In the digita environment one has the opportunity to dter the map parameters until the ultimate
combinationof colour or fill stylesisreached. Many maps lose their ability to communicatewhenpoorly
assigned colours or symbols are assigned. This is another reason why producers of digital maps and
atlases should not be total newcomers to the spatia environment. As atrained cartographer, Shand is
likdy to produce some of the best maps. Difficuties were experienced in the choice of colour and
symbols on severa occasions during the production of the Population-Environment Atlas of

Swaziland.
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Figure4.3: Main Soil Types (Sour ce:Goudie and Price-Williams,1983,p30)
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Perhaps one of the most interesting examplesis the Tourit facilities map which can be seenin Figure
4.4. Udng this map, tourists may get agenerd idea of whereto head to reach a nature reserve, but the
symbols are very generdised inther placement. Interactive mapsinthe Popul ation-Environment Atlas
of Swaziland could show visitorsthe delimitationof the various nature reserves and positions of theareas
of natural beauty with the option of viewing colour photographs of certan areas (See
e\Atlas\Environ\reservesshp and e\Atlas\Infraltour.shp). Although the coverage in the
Population-Environment Atlas of Swaziland does show the occurrence of hotels in the Kingdom, it
does not display the number of beds available in each; The Atlas of Svaziland (Goudie and Price-
Williams, 1983) does. Thisis data which could be updated and input into the digitd atlas.
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Figure4.4: Tourist Facilities (Sour ce:Goudie and Price-Williams,1983,p62)
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In The Atlas of Swazland (Goudie and Price-Williams,1983), there are a couple of maps displaying
the type of queries one might expect to carry out usng ArcView. Itiseasy to fdl into the trap of assuming
that this type of mapping was impossble before the advent of GIS. Although till in monochrome and
difficult to reproduce, the generd information isthere. In the 'Rall network' map seenin Figure 4.5 for
example, the draftsmen have worked out the areas which lie within 20km of the nationd raillway line.
Likewise in Figure 4.6, areas further than 20km from mgor hospitals have been mapped. These
distanceswould have been worked out manudly, so the type of accuracy attainable usnga GPSand GIS
isjust not achievable. Purely out of interest, the same query was carried out using data from the digita

atlasto seeif agmilar pattern existed. Theresult isvisblein Figure 4.7.
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Figure 4.5: Railway Network (Sour ce:Goudie and Price-Williams,1983,p68)
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Figure 4.6: Clinics and hospitals (Sour ce:Goudie and Price-Williams,1983,p84)
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Figure4.7: Accessibility to hospitals and clinics (1991)
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Five selected queriescarried out usng the data set of the Popul ation-Environment Atlas of Swvaziland
will now be presented inan attempt to demonstrate the capabilities of mapping inthe digita environment.
Thefive queries will involve two distance mapping queries, two surface creation queries, and one three-
dimensond display usng the 3D spatiad analys. Although distance mapping appears to have been
managed well in the traditiona environment, some of these examples show the ease with which more

complex queries and displays can be achieved in a short amount of time.

It is necessary to keep in mind that since the 1997 census data has been unavailable, the population
figures being used are twelve years old. Thereisthe possibility that the patterns of distributionmay have
atered. The base mapsfrom which features such as police stations and roads were captured from, are
seven years old. It is highly possible that additiona features now exist. The genera utility of the atlas
however, can gill be made apparent.
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Query One

Figur e 4.8 showsthe resultsof the first distance mapping query, using the enumeration areas as a base.
Theam of the query is to highlight areas of the country in which people over the age of 65 areliving
further than 10kmfromthe nearest hospita or clinic. If sodesired, the reader can use the accompanying
CD-ROM to accessthe dataand follow the steps below. The query was carried out in ArcView 3.0 as

follows

1) Open a'New Project’
Click on'View' in the project window and choose 'New'

Open the enumeration areas (enum86.shp) and the medical cover (medical.shp)

2)From the toolbar menu, click 'View' and then 'Properties'

Choose'Projection’, then 'Custom' (This places the view into an Albers Equal-Areaprojection necessary fordistance
queries)

Click 'OK"

Choose 'kilometers' for the distance units

Click ‘OK’

3)Make sure enum86.shp is active
Click the Query Builder icon
Select the following: ([M_65plus]<=283)and([F_65plus]<=353).

Make medical .shp active

Click the Query Builder icon

Select the following: ([Medical_id]<>11). Thiswill select all hospitals and clinics, Health centres (id=11) are omitted
asthey are not perceived to have adequate supplies or equipment.
Make the enumeration areas theme active

Select 'Theme' from the tool bar menu,

Choose 'Select by Theme',

Choose 'Are Within Distance Of",

Choose 'medical .shp’,

Choose '10km’.

Click ‘New Set’
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Figure 4.8: Accessibility to hospitals and clinicsfor people over the age of 65
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Query Two

Asvident aimeisadgeadily increasng problemin Swaziland, it was deemed gppropriate to look at the
patternof policestation distribution. Again, usng the enumerationareas as a base map, areaswhichwere
further than 20km from the nearest police station were highlighted. Population density could of course
influencethe decisionto build more police sations inthose areas whichappear to be lacking. Figure 4.9
showsthe results of this query.

The query was carried out as follows:

1)Open anew view

2)Open the enumeration areas (enum86.shp) and the police station (police.shp) covers
3)Select 'View' from the toolbar menu.

Choose 'Properties’, then choose 'Projection'.

Click on 'Custom’ to make sure the covers are in an Albers Equal-Area Projection. Click 'OK’
Choose the distance units 'kilometers'

Click 'OK'

3)Make the enumeration areas active

4)Select 'Theme' from the toolbar menu

5)Choose 'Select By Theme'

Choose 'Are Within Distance Of*

Choose 'Police.shp'

Choose '20km’

Click 'New Set'

(The selected enumeration areas will be those which are within 20km of the nearest police station)
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Figure 4.9: Accessibility to police stations by enumeration area
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Query Three

For the third query, a problem was chosen which required the use of surface creation in ArcView 3.0.
As the government has expressed interest in the tourist potentia of the country, it was thought to be
relevant to look for potential Sitesto build new hotels. It is important to note that the query conditions
used are subjective. To achieve the most accurate results, a professond land developer should use the
system..

To carry this query out severa conditions were thought to be necessary. To ensure awater supply for
the development, areas close to aperennia water supply wereidentified. The South African 1:500 000
Topographic data (ComputaMaps,1997) cover of rivers for South Africa was opened and the
internationa boundary of Swaziland was clipped to the cover. Suitable climatic conditions needed to be
identified. Areaswhichhad a mean annud temperature above 15 degrees Cdsus and below 25 degrees
Celsus and an annud rainfall amount between 450 - 1000 mm were sdlected. To determine aspect for
the country, the surface creationtool avalable uangthe 3D anayst, was used and an aspect cover was
generated. Fromthis, it was possible to choose steswhichhad the flattest [and for building on. Oncethe
requirements had been sdected from the rdlevant covers, they were overlaid to find the most suitable
aress. Potentia Stes were chosen manudly and the line of 9ght tool was used to determine which Ste

had the best view of the surrounding mountains. The result can be seenin Figure 4.10.

The steps used to complete this query have been outlined below. They cannot be followed onthe CD-

ROM, however, as some of the covers used are from commercidly available data sets.

A) To sdect areas with suitable climatic conditions the following query was carried out:

1) Open the thermal cover (Temp.shp) and the rainfall cover (moisture.shp)
Double click on temp.shp to open the Legend Editor

At 'Legend Type' choose 'Unique Value'

In the 'Values Field' choose 'Mean_annua’

Click 'Apply’

Double click o moisture.shp to open the Legend Editor

At 'Legend Type' choose 'Unique Value'

Inthe 'Values Field' choose 'Annual_rai'

178



Chapter Four - Discussion

Click 'Apply'

2)3)Select 'View' from the toolbar menu.

Choose 'Properties’, then choose 'Projection'.

Click on 'Custom’ to make sure the covers are in an Albers Equal-Area Projection. Click 'OK’
Choose the distance units 'kilometers'

Click 'OK"

3) Make the Temp.shp theme active

Click the Query Builder button and build the following expression -
(IMean_annua]= “15.0-25.0"

Save the result as a shapefile (e.g. tempque)

Make the moisture.shp theme active

Click the Query Builder button and build the following expression -
([Annua_rai]>="450 - 550") and ([Annua_rai]<= “850-1000")

Save the result as a shapefile (eg. rainque.shp)

3) Make the ‘rainque.shp' theme active
Select 'Theme' from the toolbar menu
Choose 'Select by Theme'

Choose ‘ Contain the Center of’
Choose 'tempque.shp'

Make a shapefile of the result, (e.g. temrain.shp)

B) To sdect al flat aress, the following query was carried out:

1) Open the aspect (aspct.shp) cover

From the toolbar menu choose 'Analysis', then choose 'Map Query’

Build the following expression -

Aspect of Crtinl = -1 (Crtinlis the Triangulated Irregular Network which has been created for the country. All areas
which the computer has assigned the figure -1, are flat areas.)

Click 'Evaluate'

All flat areas are now selected (Map Query 1).
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C) To sdect potentid hotd sites, the following queries were carried out:

1) Open temrain.shp and Map Query1l

A copy of the hotel cover (pothot.shp) was opened and placed in edit mode. The schools (school.shp) and towns
(towns.shp) covers were also opened to guide the choice of potential sites. Potential sites were selected by adding
points to the pothot.shp theme in areas which were within the selected climatic region and were flat. 16 potential hotel
sites were selected.

Open pothot.shp (This cover holds existing as well as potential hotel sites)

Open the Query Builder and build the following expression:

[pothot_id] = 0 (All potential sites are selected)

Make a shapefile of the potential sites (e.g. 2pothot.shp)

D) To sdect dl steswithin 0.2km of aperennid river, the following query was carried out:

1) Open the river.shp theme as aline cover

Double click on the rivers.shp theme to make the Legend Editor active
For Legend Type, choose 'Unique Value'

Inthe Values Field, choose 'Type'

Make the 2pothot.shp theme active

Select 'Theme' from the toolbar menu

Choose ‘ Select by Theme'

Choose 'Are Within Distance Of'

Choose 'Rivers.shp'

Choose '0.2km'

Make a shapefile from the selected features (e.g.3pothot.shp)

5 potential sites are highlighted.

2) Open the TIN of the country (crtinl): (it takes approximately 10 minutes to open)
Overlay the 5 potential sites (3pothot.shp)
Click on theline of sight tool and draw lines of visibility from each site to choose the one with the furthest views of

mountains.

This query should be seen as an example. More work would need to go into the selection of potential
hotel sites. Population dengity, land tenure and soil type are just some of the additiond factors which
would affect the choices made.
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Figure 4.10: Suitable sitesfor proposed new hotel developments
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Query Four

Cdlular telephoneswere introduced to Swaziland inNovember 1998. To experiment withthe capabilities
of the atlas, it was decided that a cover identifying potentia sites for MTN cellular towers would be
produced. To carry this out, a point cover was created in PC ARC/INFO, selecting sites which were
thought to be suitable for these towers. Areas on highlying land were sdlected in the hope that the sgndl
would be as widespread as possible. To see the results of these choices, a Viewshed Analysis was
caried out, udng ArcView 3.0 with the 3D Spatid Andys extenson. (see CD-ROM
e\Atlas\Cover\Query4).
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Query Five

As an example of the visud benefitsavailable usng the 3D Spatid Andyst extenson, a3D image of the
population dengity for the country was created. The result may be viewed on the CD-ROM at
e:\Atlas\Cover\3ddens,jpg or e\Atlas\Cover\3ddens2.jpg The two images dislay the same
information, but represent two different exaggeration values.

If the reader would like to re-create the effect, the following steps can be taken:

1)Make sure that the spatial analyst and 3D extension dongles are connected to the computer
2)Click the '3D Scene' icon in the project window and click on 'New'

Open the theme enum86.shp from the CD-ROM

From the legend editor choose 'Graduated colour’

From the Classification field choose 'Density’

Click 'classify' and change from 5 classes to 20 classes. Click 'OK', then ‘ Apply’

Open the theme by ‘clicking’ on it and see theimagein 2D, on its back.

3)From the toolbar choose '3D Scene', then choose properties
At the 2D projection window, click ‘ Select’, then ‘ custom’, then * OK’
Choose a* Vertical exaggeration factor’ of 6 (as an example)

Click 'OK’

4)From the toolbar choose "Theme', then select '3D properties'.
In the 'Extrude features by value or expression' box, create the query [Density]* 6
'In the Extrude by' box, choose 'Adding to base height'

11)Click 'Apply' and wait for the image to appear
At this sage it is possible to manipulate the display by using the navigator icon.
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The queries shown here are aamdl sdlection of what could be done withthe atlas. The possibilitieswould
beevengreater if additiona datasetsdeveloped by other organizations wereincorporated into the atlas.

There is no doubt that the Population-Environment Atlas of Swaziland could be used for tourism,
especidly if extra information was added with regards to hotel qudity and leisure activities. If made
avaladle in part on the Internet, the beauty of the country could be displayed through scanned
photographs linked to clickable areas on the maps. With a smplified Graphica User Interface, tourism
offices in South Africa could be supplied with the atlas to provide immediate and access to overseas
vigtors possibly, attracting interest for Swaziland. Smilar information setups are dready available in
Johannesburg Internationd Airport for example where people can use touch screens to get informeation

on tourist aress.

Due to graphic capahiilities, there is a potentia role for digitd alases in education in Africa. Thereisno
eader way to explain concepts than through the use of interactive methods. If computers are available,
teachers could use interactive atlases to explan map projection and physicdly show the effects of
different projections on maps. Atlases could be modified according to the age of the user, perhaps
helping children learn the names and functions of towns in their country. What better way of
understanding ones country than to test ones knowledge by dicking on a town, filling in key words
describing the towns functionand being corrected by the computer. At ahigher level of education, digitd
atlases could be used to show agriculturd students, areas where agricultural potentid is not being
achieved, or the effects of certain farming practices on the land over a 20 year period.

Census departments could make use of adigitd atlasto hdp store, manipulate and display census results.
Census datais of little use when presented asreams of figures. Looking at the census volumes published
IN 1986, the producers have realised this and haveincluded some maps, the quadity of whichis quite poor
(seeFigure4.11).
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Figure 4.11: Urban settlement and population (The Kingdom of Swaziland,1986)

Asthe data for the Population Atlas of Swazland hasnot been groundtruthed, the locationa accuracy
of the point and line features is uncertain. Thereisno doubt that the municipditiesin Africa could make
use of digitd atlases. Whereas data sets oftenrelate indetail to a specific area, nationd atlases cover the
entire country making sure that investigations into service provison are not confined to afew aress; dl
too often people living inrurd areas are forgotten. Although expensive, groundtruthing would decrease
reliance on the accuracy of source maps from which data has been captured possibly increasing the

185



Chapter Four - Discussion

religbility of queries carried out.

AnAtlasof Mdariaisaready being developed for the African continent as mentioned in Chapter Two.
The project is going to take time to complete. In the meanwhile, those countries which have the
capabilitiesto start data capture of their own whichcould contribute to the Africandatabase, should start.
Nationa digitd atlases could be consdered as having the bare bones of such research into which
additional data sets could be added. Mdaria is not the only sickness to plague Swaziland, TB and
dysentery are il killers. AIDS of course is pandemic. One consideration might be to use the nationd
atlas asthe bass for a nationa epidemiology atlas. If factors affecting the spread of TB and dysentery
arefed into a database and high risk areas are mapped, diseases can be monitored more easly with
patterns of illness occurrence made more apparent. Many people are killed in Swaziland by lightning
grike. It has been established that areas witha high graniterock content are more susceptible to lightning
drikes. If such areas could be identified, action might be possible to reduce risk of injury and damage.
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Chapter 5:

Guidelines for the production of digital atlasesin Africa

"...one of the challenges of the scientists constructing this systemisto be flexible enough to

envision future uses - even ridiculous ones that can't be seen today" (Huxhold,1991:xiv)

5.1 Introduction

In this chapter, possible guiddines for the production of digitd atlases in Africa will be suggested.
Personal experience withthe productionof the Popul ation-Environment Atlas of Swaziland hasbeen
used to hdp develop the guiddines. The opinions obtained from some of producers and the literature
surrounding the research have aso been used. The guidelines are intended for governmenta aswell as

non-governmenta organizations, should either wish to embark on such a project.

5.2 Setting guidelines for atlas production in Africa

One hasto be redigtic about the Stuation which Africafindshersdf inwithregardsto palitica ingahility,
alack of skilled manpower, and inadequate infrastructure. Many people do not have access to running
water, let done aPC. Although the possible benefitsof anatlasinaninteractive environment are evident,
if the basic materids are not available to the generd public or government agencies, one hasto question
whether or not the cogts involved in developing sucha project would be justified. Before embarking on

adigitd atlasfor acountry there are severd guideines which could be consdered.

5.2.1 Identify a need for the proposed atlas

The creation of a nationd digitd atlas requires skilled manpower, sufficient computer facilities, and
digitizing or scanning equipment. The expenseof fulfilling these basic requirementsis cons derable making
It important to ensure that the atlas will be used now and in the future.

Embarking on a project as a status symbol or without any specific future utility in mind is wasteful of
resources. Asfar as possible, support for digital atlases should be expressed by the people who will be
meking use of them; if this dedication is not secured from the start, the project may not be successful.
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Identifying aneed for anationd digitd atlas should therefore be a priority. If arural school has access
to eectricity and a computer for example and government intends to provide a copy of the atlas, its
educationa benefits could be considerable. By providing a copy of the atlasto travel agencies around
the world, the tourism industry in the country could be boosted. If the creation of an atlas wasto serve
asabassfor mapping of disease and relevant medica facilities in the country, thenimproved provison
of hedth fadilitiescould result. Having identified aneed for the atlas, the next steps involve an assessment
of whether or not the country has the necessary facilities and environment for production.

5.2.2 Assess the political situation in the country

For any project to reach asuccessful conclusion, the support of a sable everyday lifestyleis essentid.
Civil wars plague Africa and in countries where it is not safe to venture into the bush, fieldwork and
groundtruthing for digital work would be dangerous. Countries need to be redlistic about the potential
of palitical ingtability interfering in projects and decide whether or not it is feasible to begin work.

5.2.3 Assessthe available infrastructure

The most important infrastructura ingredient is a congtant "clean” supply of dectricity. In many African
countries, power falluresand power fluctuations are common. UPS systems and computers within-built
battery packs can reduceinterruptions to work, but continuity of €ectricity supply should be investigated

through the use of generators, and/or solar power.

5.2.4 Assessthe equipment already available

Before deciding to purchasethe latest software and hardware, it would makesensefor aqudified person
such asa GIS specidigt to evauate what is dready available within the organization. Older equipment
is not necessarily obsolete and canbeincorporated into more modern environments. An example isthe
use of the photogrammetry stations inthe digita mapping proj ect in M babane, discussed in Chapter One.
The millennium "bug" is aso afactor for consderation when equipment is being evauated.

The quality of computer output interms of screen graphicsis congtantly being improved uponto enhance
visudizationand thereisthe possibility that older computers may not provide asatisfactory ideaof what
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Is attainable with adigita atlas. This may make the purchase of new equipment unavoidable.

It is suggested by Odedra (1992) that the underutilization of existing equipment is directly related to
manpower shortages and a lack of avalable computer training courses. Thisis exactly the case in the
Census Department in Mbabane. The Census Commissioner noted that the computers were avalable
for mapping, but the department did not have enough money to send daff away for traning. If thisisthe
case inacountry wanting to embark on suchaproject, costsinvolved inrecruiting more manpower need

to be carefully outlined.

5.2.5 Assessthe level of manpower available

If a digitd atlas is to be of continua use to the country it needs to be updated and evaluated regularly.
Skilled manpower is needed to produce the atlasas well asto maintainand manipulateit. Gardner (1993)
notesthat "many projects have come to a sudden halt when the consultant leavesthe project, especidly
when there has been no attempt to ensure continuity through the transfer of ills to a locd, in-house
team” (Gardner,1993:14). The project leader of the cadastral database made mentionof the fact that he
was the last expatriate consultant in his department and was skeptical of successful continuation after he
left (Johnson,1998:pers.comm.). Producers need to be sure that there will be enough trained people for
continuation of the project. The best scenario would be to ensure that alocal team istrained to run the

project.

5.2.6 Motivate the entire department

A commitment to the project from dl levels in the project department is essential for success. For
maximum moativation, Campbell (1994) suggests that dl staff need to be given the opportunity to
comment on the project design. They need to be shown examples of the benefits achievable with the

product and told that it will take some time before the results are visble.

Judging fromexperience in producing this atlas, it would aso be necessary to point out that technology
is not infalible. The process can be tedious and the results are not dways what is expected. Giving a
redigtic outlook would meanthat no misconceptions would befostered, and hopefully motivationwould
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be maintained.

5.2.7 Egtablish adequate funding

Itisessentid to establishthe total amount of money available for the production of adigita nationd atlas,
to ensure that there is enough to complete the project. If possible, it is suggested that substantia funds
areraised locdly, to ensure nationd commitment.

5.2.8 Create an environment conducive for atlas production

Three main components of a GIS need to exit, should the full potential of adigitd atlas be achievable.
Thefirg isthe computer hardware, the second is the gpplication software and the third is a conducive
environment. The "optimisation of system design and use must include consideration of physica and
menta characteristics of users as wel as factors related to the work tasks themsdves, the system
functiondity, the physca environment and the organisationa context” (Turk,1993:15). All these factors
will have asgnificant role to play in determining whether or not the productionand use of digita products
such as nationd digitd atlasesin Africa, hold any chance of success.

1) System design; considering the physical environment

Optimisation of productivity in the working environment has been closdy examined by severd
researchers. Lessons can be learnt from this research and applied to the production of digitd atlases.
Turk (1993) reports on studies which have been carried out to find the optimum position for humean-
computer interactionwithminima physiologica stress on the body thereby creating greater productivity.
The cost of acquiring ergonomicaly designed equipment such as customised computer chairs or
specidized keyboards for example needs to be added to the budget of an atlas production project.
Althoughit is possible to capture data using a regular stool to St on, long hours spent at the computer or
digitizing table as a regular occupation could be detrimenta to the operator's hedlth.

An examination of the exiding physical working conditions needs to be carried out. The physical
environment needsto be appropriatefor the productionof adigita atlas to ensure quality and successful
utility. Working in a noisy environment is wholly unsatisfactory when trying to capture data. In the
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production of the Population-Environment Atlas of Svaziland, being interrupted whils digitizing the
enumeration area lines was frugrating. Errorscreated by interruptions, can easily be diminated through
careful placement of the equipment and itsoperators. The equipment idedly needsto be set up inaroom
of its own, where the operator is not distracted by other people's movemert or conversation.

Temperature and lighting need to be assessed and set according to the equipment and workers needs.

i) System design; considering the organizational context

According to Turk (1993) it is often the issues surrounding the organization of a project that limit the
success of GIS projects. In the data capture process in particular, it is suggested that awork program
be set up whereby the person digitizing works for an hour and then does something else for fifteen
minutes. Rest whilgt digitizing is essentia to keep the concentration going, and error creation to a

minimum.

5.2.9 Acquire appropriate software

Itissuggested that policy guiddines (discussed inmoredepthinsection’5.2.11) should be followed when
choosing software or hardware. If the software and accompanying manuas are not available in the
mother tongue of the operator, finding away to alow itsincorporationwould be highly beneficid to the

production process.

5.2.10 Acquire appropriate hardware

From the experience of producing the Population-Environment Atlas of Swaziland, the use of a
Pentium PC or higher should be used to reduce production times. A 486 PC was usad initidly, but in
hindsght it is realised how dow it was and how ligble it wasto crash.

5.2.11 Adhereto national policy guidelines
If the equipment needed for the creation of the atlas has to be purchased, it is essentia thet advice is
sought to identify the most appropriatehardwareand softwareavailable. As has been outlined in Chapter
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Two, many African countries do not have policy guiddineswithregards to the importation of computer
products. If this is so, it is suggested that guiddines should be developed as soon as possible. Erlank
et.al., (1993) suggest thet there are severa prerequisitesfor effective technology transfer, namedy abasic
supply of skills and expertise and careful control over technologica choices. Rapid ingtallation of
computers is common in African countries, but for the most part the software is not being exploited to
itsfull capacity. A common problem with the type of hardware and software being acquired, isthat itis
sometimes unsuitable. Vendors take advantage of poor IT knowledge, and rely on the fact that advice
from the developed world is treated as gospel (Oj0,1993).

Korea has set out five guiddines for the importation of foreign technology, which some African
governments might consider. Kasongo (1993) outlines the five questions which have to be answered,
namely Adoption, Absorption, Diffuson, Assmilation and Adaptation. Under ‘Adoption’, one has to
answer how, where, whenand withwhat consequences the technol ogy will beimplemented. 'Absorption'
questions how the imported technology canbelearnt and embedded intoloca systems withthe possibility
of being improved upon. 'Diffuson’ looks at the nature of the spread of technology between firms, the
effect it will have on production techniques and knowledge (Kasongo,1993). ‘Assmilation’ determines
the degree of integration with loca supply inputs and findly 'Adaptation’ assesses technologica change
asareault of uangimportedtechniques. Thefivequestions onceanswered would provide the government
with a clear report on the direction the importation of technology will take them. By adhering to policy
guiddines, informed decisions on the most appropriate technology canbe made. Ojo (1993) notes that
guiddines could aso to ensure that there is some sort of continued user support should problems be
experienced with the imported equipment. Continued user support should be a pre-requisite for the

purchase of hardware and software.

5.2.12 Data standards must be drawn up; data compatibility

Considering the cogt of data collection there islittle point for anationa digita atlas to be developed in
isolationfromany other digital work that hasbeen carried out. To ensurelong termdata sharing between
departments and organizations, compdtibility is important. If the nationd digitd atlas has not been
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captured inenough detail for one particular user, he should be able to add his own datato it without any
sgnificant problems. Digitd mapping standards need to be outlined and adhered to.

5.2.13 Deter mine accessibility to data
One of themaningredients of any eectronic atlas, isdata; both digitd and non-digitd. In Africavery little
digitdl data exists for many countries and available non-digital data can be problematic to attain.

Restricted access has the potentid to increase the costs of atlas production significantly.

Cassettari (1993) notes that information collected by central government isin many countries carefully
controlled. In some cases, topographic maps produced are not permitted for public use. In cases such
as this one wonderswhat chances a digitd atlas has of being seen by the public. Some countries protect
their data through law for reasons ranging from nationd security and invasion of privacy to confidentia
commercid or financia information (Cassettari,1993). In Europe, the public have accessto information

on the environment, available a a cos.

It is suggested that before embarking on a digitd atlas, the degree of data avallable and accesstoiit is
ascertained. If the volume of data to be captured is quite considerable, a feasibility study should be
carried out.

5.2.14 Ascertain the completeness and accuracy of base maps available for data capture
As mentioned in previous chapters, hard copy maps in many African countries are usudly old. Itisup
to the producers to ascertain whether or not it is worth relying on these maps for data capture or

supplementing the data with groundtruthing and further field mapping.

5.2.15 Decide on the level of detail to beincluded

The intended use of the alas will usudly determine the level of detail to be included. Capturing data in
detall is expensve. "We need to determine what level of abdtraction is valid and acceptable in what set
of circumstances so as to avoid unnecessary escaation of costs and expectations among informetion
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consumers' (Bishop,1994:64). If the objectives of the digitdl atlas are clearly outlined, subsequent users
of the alaswill not bedisliusoned. They will also know which data sets they will have to capture more
datafor should they need it.

5.2.16 Follow a data capture structure

To ensure alogical and complete data capture process, it is necessary to draw up aprogramto decide
which layers will be captured first. The dates of base maps or attribute information should be noted so
that the user knowshow up-to-date the data he is working with is. Data sources should aso be noted.
Keeping a journal to note each step proved to be very useful in the production of the Population-
Environment Atlas of Svaziland. One only realises the benefit of making a note of file names, for

example, once the number of coversincreases.

5.3 Guidelinesto consider after production of the atlas

5.3.1 Establish copyright and liability

Asdigitd work isardatively new areafor many African countries, much of the work is not protected
by copyright and ligbility is not clearly understood. Used as a tool for planning and decision making,
questions of data accuracy often arise in the digita environment. Work israrely error free, and the user
needs to be made aware of this. Epstein and Roitman (1990:34) suggest that the agency'sligbility should
be established incase " the dataisinaccurate, or evenif accurate, the dient misunderstandsit and misuses
it". To avoid unnecessary concernabout the lidhility of the future use of data by individuas, advice should
be sought on lega guidelinesto attach to the data

5.3.2 Create a national fee structure

Despite the nature of copyright where the owner has the right to decide on the cost of the data and
whether or not datawill be sold, inthe case of anationa digitd atlas public access should go undisputed.
A nomind fee structure should be set by the producers, to cover the costs of data capture. The fee
should not exclude people fromaccessing the atlas onthe basi's of being unable to pay. Cassettari (1993)
notes that high levels of cost may encourage infringements of copyright.
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5.3.3 Decide on the method of data dissemination

Once andtiond databaseor nationd digitd atlasisin place, ensuring universa accessto it should become
apriority. The development of the atlas could be advertised to the public so that they realise the product
is being developed. To increase the user base, atlases need to be made available inavariety of formats.
A nationd atlas could be made available for downloading on the Internet, whereby the user would be
able to usethe atlasinteractively. For people who are not as computer literate, visud redlism could have
a big role to play; "the non-scientific audience wants abstraction minimised and information content
maximised" (Bishop,1994:6). Bishop (1994) provides an example of a'virtud' flyover of Madagascar
thirty years after deforestationnoting that the visud resultswill communicate the damage more effectively
than a ream of dtatistics or a static map series would. People without access to Internet facilities or
without the necessary computer skills, need to be considered. Theidea of anationd digita atlasis that
it should be available to the nation and this may invalve certain modifications. For example if exising
community information centres could be supplied with interactive technology as suggested by Woods
(1993), and the user interface is amplified to make operation easier the potential for greater data

dissemination exigts.

5.3.4 Ensurethat whatever patter ns become apparent, none of the infor mation is censored
Governments could be uncomfortable with some of the patterns that can be depicted usng anationa
digitd atlas (depending of course on what data layers have been included). For example a government
which promotesitsalf on the provision of basic needs may not care for people to find out thet the rurdl
areasactudly lack accessto basc medica fadlities Campbell (1994) notesthat "I nformation...embodies
social and palitica meaning which makes some data holders cautious about dlowing genera avalability
(Campbell,1994:317). Keeping thisinmind, the producers need totry and ensure that accessto the atlas
IS not restricted.

5.4 Guiddinesfor atlas production and maintenancein Swaziland

5.4.1 Foster an indigenouswork force
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The benefits of having askilledwork forceof local individuals are numerous. People who are familiar with
the country have an advantage over those who are not. Working with coverages of the country they are
more likdy to notice subtle errors. During the creation of the forests cover, for example, a polygon
representing Usutu forest, had not beenclosed. Initidly, the absence of this large man-made forest went
unnoticed. Looking at the cover in ArcView, theerror wasidentified and could be corrected. It isevident
fromthe digita mapping project in Swaziland that thereisa smdl pool of locd workerswho are skilled
in data capture (Simelane,1998:pers.comm.). These skills should be nurtured and congtantly updated.
Withthis group of people, thereisagood chance for the continued use and maintenance of products such

as the Population-Environment Atlas of Swaziland.

5.4.2 Foster the development of analytical skills
To makeful use of the atlas, an effort should bemadeto seek training inandyds for anumber employees
. The atlaswill not fulfil itsfull potential unless the data sets are queried.

5.4.3 Using the Population-Environment Atlas of Swaziland

The currency of the datainthe Popul ation-Environment Atlas of Swaziland should be focussed upon.
Data rdding to the 1997 population census, for example, should be input as soon as it becomes
avaladle. It isenvisaged that the Population-Environment Atlas of Swazland will be used as abasis
for future work. Through the input of additiona information, the country could start the development of
adigita record of population information.

Greeter detail could increase the potentid utility of the atlas. Using the tourisminformationcovers as an
example, informationcould be improved uponthrough the linking of moreimagesand descriptions. Costs
per person at hotels, motels and lodges could be included.

5.4.4 Draw up data standards
Any information added to the atlas should be input by a central team of data technicians. This ensures
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that a set standard of work is maintained. If additiond data is going to be added to the atlas, it is
imperative that data standards are adhered to. Data standardsinclude deciding on wheat levd of accuracy

Is acceptable.

Itissuggested that source mapsshould be screened for inaccuracies such as unclear boundary definitions
and over-generdisation of features. The use of the 1:250 000 topographic map for the country (1989)
was found to be inaccurate in the capture of the country boundaries during the production of the
Population-Environment Atlas of Svaziland. The use of thismap as a data source should be limited

to information which does not require absolute accuracy to within centimeters,

5.4.5 Encour age data flow between departments
The creation of guiddinesfor data disseminationshould be established. Onceinplace, departments may
fed more comfortable with the exchange of data.

Informeation generated by one department could be made available for viewing by other departments
through its addition to the nationd atlas. An awareness of the data available in-house will reduce data

duplication and may provide greater support for governmental projects.
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"amajor advantage of GISlies exactly in its ability to accommodate unanticipated needs."

(Chrisman,1991:167)

6.1 Conclusion

Digitd mapping sysemsand GIS have reaped benefits for the developed world since the late 1960s
when Canada pioneered itsland use information system. Redlising the extent of efficiency attaingblein
the storage and manipulation of data usng GIS systems, the rest of the developed world followed
Canada slead. Land use planning, resource utilizationand territorid mappinginAfricaduring this period,
was being run traditiondly by colonid powers. The use of automated mapping sysems was not a
consderation. By the early 1980s many Africangovernments were adopting information technology to
varying degrees of success, asameans of achieving their development gods. This'technologica fix' was
suggested by Lyon (1988) to be a particularly western based rationality, responsible for pushing
developing countries towards a new form of economic colonidism. Although the use of IT may foster
some sort of dependence on the developed world, the fact remains that most industry in Africa cannot
function without it. There are certain IT products however which need to be appraised more carefully
in terms of production and utility before thar introduction to an African context is decided upon. One
such product isthe digita nationd atlas.

One of the mogt Sgnificant limitations to the production of digitd atlasesin Africais politica ingability.
The loca news reports on Africa give the impresson that asgnificant proportion of countriesare either
a war or arein a severe sate of flux. On areport of the current state of affairsinZimbabwe, it is noted
that during the depths of the country'seconomic crisisin August 1998 the President ordered thousands
of troops at great expense, to the Democratic Republic of Congo to help prevent a coup. This was at
the time when a decrease in state gpending was thought to be essentid to the country's economy. The
officid reasons given for the intervention were that as part of the Southern African Development
Community (SADC), Congo was entitled to receive hdp from neighbouring countries. Others suggest
that Mugabe, "the 74-year old president was thinking of his place in history - asuccessful foreign policy

coup would divert attention from the recent economic woes in what was once one of Africaswedthiest
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countries’ (BBC,1999:6). Despite the poor economic Stuation, digita activity inthe country appearsto
be on the increase. This may wel be due to the fact that the British, Audradian, American, Swedish,
French and Norwegian governments are dl finanddly supporting the developing nationa spatia data
infrastructure(M atambanadzo,1997). | f the natioral topographi ¢ database depended onthe Zimbabwean
government for funding, it is quite feasible that the project could come off second best in the advent of
military interests taking over.

Conditions in Sierra Leone force one to question how a digital national atlas could possibly have a
positive impact onthe livesof the people there. A military led government was in rule for nine monthsin
Serra Leoni€s capital dty. When they took power, the city was destroyed. The West African
peacekeepers of ECOMOG 'freed' the city in February 1998. "The poverty, the lack of services, the
perpetual power blackouts, the lesking drains, the child progtitutes - dl are € oquent testament not only
to seven years of insurgency but aso to the decades of misrule and corruption which underlie the
country's criss’ (Porteous,1999:48). It is in countries which are in this sort of State, that the idea of
embarking onadigita nationd atlas, could be considered futile. The resources needed to re-ingtal basic
infrastructure and services are Sgnificant and every effort hasto be made to meet the basic needs of the
people. It will be years beforethe luxury of being able to focus attentionon matters such as data capture
for land use planning and resource utilization, become redlity.

Monetary limitations, unsuitable working environments and a lack of skilled workers may destroy any
hopesof digita nationd atlas productionin African countries. These limitations are unlikely to be resolved
inthe near future. Theonly possibility for Africancountrieslike SerraLeone to reap the benefits of digital
technology may lie in foreign interests seeing a potentia role for the creation of a digital database,
developing and running it from outside the country. Out of the eight digita African atlases mentioned,
three have resulted from persond research. Thereis the possibility that these atlases could be used by

countries in the future as a bass from which work could be added.

Itisnot fair to place dl African countries under the same category. There are Africancountries, suchas
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South Africa, in which the use of the digitd environment for mapping and analysis has been highly
successful. The country has the basic ingredientsof alocaly skilled workforce and good infrastructure.
Inasmadl country like Swaziland where the palitical environment has been fairly stable up to now, and
there isinterest amongst governmenta and non-governmenta organizations in the fostering of a digita
environment, the possihility for successful adoption of digital mapping definitely exigts.

Thereisno doubt that inthe interactive environment, the use of mapsis adle to become more innovative.
Through the overlaying of maps, adigita nationa atlas could well provide composite data sets depicting
patterns whichwere never expected. It isimportant to keep in mind however that "Digitad technology is
not apanacea or gregt dixir. It isnot atechnological salvation for development.” (Wo0ds,1993:112 ).
The output of adigita atlasis only as good as the source maps which have been used for data capture
and the people who have carried out the process. If used asadatasource, theinaccuraciesfoundinthe
use of the 1:250 000 topographic map (1989) for example will be transferred into a digital versionof the
map. Itisimportant to redise that the capabilities of these digital atlasesis aso limited by "the author's
cregtive contribution” (Wo0d,1994:111).

Providing ameans for interactive learning-by-doing in schools through the provision of a computer and
CD-ROM isnoble, but if the money spent on creeting the atlas could be used to buy each student a
paper atlas, perhapsthe issue should be looked into alittle more closdy. Basic materids suchas pencils,
paper and text books are lacking in many schools in Swaziland and other Africancountries. Reasons for
the development of adigital nationd atlas for an Africancountry should be looked at carefully, perhaps
carrying out acost benefit andysis.

Whilgt the potentia utility of digital nationd atlasesis easy to propose having learnt from the experiences
of the developed world, their actud utility is a little more difficult to ascertain. The eight African digitd
atlases mentioned in this research have dl been developed rddivey recently, leaving little time for
practica usesto have taken off. It would be interesting to know if the atlases have actudly been used for
land use planning, resource utilization, traffic control and disease mgpping. Thereisno doubt that it would
have been vauable to gain the opinions of the users to ascertain what functions these atlases have had.
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One of the limitations of this research has been the fact that the users of these digita atlases were not

contacted. This was due to time congtraints and a lack of information provided by the producers.

Due to the limited number of African digitd atlases avalable, it is difficult to make concrete conclusons
about how vigble their production in the African context is. From the experience of producing the
Population-Environment Atlas of Swvaziland however, it is suggested that they should not be
consdered aviable pursuit in countries which are unable to fulfil the guiddines set out in Chapter Five.
Unfortunately the mgority of African countrieswould probably fal into this category.
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Appendix A: Questionnaire sent to the producers of digital African atlases

| am aM.Sc Student at Rhodes University, Grahamstown. For my master’ sthesis, | am looking at the
production and utility of digitd atlases in Africa, and as part of my thesis, | am producing a digital
populaion and environmenta atlas of Swaziland. The data has been gathered from a variety of sources.
The reault thus far for the population section, has been population census information for the 965
enumeration areas of Swaziland (1986) to be updated for 1998 and covers relating to internationd,
nationa and regiona boundaries, roads, schools, tourigt information, hospitals, policestations, minesand
post offices. The environmenta section holdselevation data, land tenure, land use, moisture and therma
zones, forested areas and reserve covers. In order to make a viable assessment of the production
process and the utility of digita atlases in Africa, | thought it would be best to obtain the opinions of
authors suchas yoursaf who have produced digitd atlasesfor Africancountries. | would be very grateful
if you would fill out the following questionnaire.

There are four sections to this questionnaire. The firgt section consists of three generd questions, the
second section questions your experiences during the production process, the third sectionquestions the
marketability of the product and the last section relates to the utilization of these atlases in an African
context.

Some of the questions may not be relevant to your experience, please do not worry about leaving these
answers blank. If you fed that there is more information that the questions do not address, please fed
free to include any additiond information or comments you might have.

Many thanks for your time,

Section 1
What provided you with the initia impetus to produce your digita Atlas?
Did you have to acquire permission to produce the Atlas?

Who did you have to obtain permisson from?

Section 2
What was the intended use of the Atlas at the start of production?

What scale base maps, orthophotos etc. did you work from?
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How did you decide which scale maps you would work from?

How did you decide which coversto include?

How did you decide what level of detail would be sufficient?

What hardware and software was used?

What spatid data did you acquire?

From where did you acquireit?

Did you experience any difficulties accessing data?

Were there any conditions of use attached to the data you obtained?
Where was the Atlas produced (e.g. was any of the digitizing out-sourced?)
How many people were involved in the digitizing process?

What levd of training of manpower took place?

How many hours of training did they attend and what was the cost of this?
What problems did you experience during the different stages of production (e.g. digitizing, editing)?

Did you receive funding to help finance the project?

Section 3
How much does your Atlas cost?

Do you offer any user support?
What conditions of use (if any) do you place on the users of your Atlas?
What features did you include in your atlasto make it particularly user-friendly?

How many people have bought your Atlas?
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Could you provide alist of contact addresses for the people who bought or are using your Atlas?

Section 4
What potentia uses do you think that digital atlases could have in Africa?
Asfar asyou are avare, what uses have digitd atlases been put to in Africa?

Any further comments:
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Appendix B: A sample of the sheets indicating changes for the 1997 enumeration area
identification numbers

1)

205



2)

Appendicies

206



3)

Appendicies

207



REFERENCES

Adenyini, P.O., 1985: Remote Sensing, Resource Development, and Educeation in Africa, in Taylor,
D.R.F., Education and Training in Contemporary Cartography, Wiley & Sons, London.

Barnes, |.R., 1992: Operating systems for monitoring of agriculture in Europe usng GIS and image

processing systemsin Cadoux-Hudson, J., J. & Heywood, I. (eds.), 1992: Geographic Information

1992/1993. The Yearbook of the Association for Geographic Information, Taylor & Francis,

London.

Bassole A., 1998: African answersto agloba question in Geoinformation Africa, 1ssue 4, ppl8-19.

BBC, 1999: Bridfing; The last three monthsinAfrica,inBBC Focus on Africa, January/March, pp5-10.

Bishop, 1., 1994: The Role of Visud Redismin Communicating and Understanding Spatial Change and

Process in Hearnshaw, H.M., and Unwin, D.J., 1994: Visualization in Geographical Information

Systems, John Wiley & Sons, Chichester.

Boggs, SW., 1959: The Classification and Cataloging of Maps and Atlases, New Y ork.

Briar,1997:pers.comm.

Brown, P.G., 1998: Circuitous Route in The Sciences, September/October, pp41-43.

Burrough, P.A., 1986: Principlesof GISfor Land Resource Assessment. Clarendon Press, Oxford.

Buttenfidd, B.P., and Mackanass, W.A., 1991: Vizudizaion in Maguire, D.F., Goodchild, M.F., &

Rhind, D.W., 1991: Geographical Information Systems: Principles and Applications, Volume 1,
Longmans, London.

208



References

Cdkins, H.W., 1990: Cresting large digitd filesfrommapped datain Peuquet, D.J., and Marble, D.F.,
1990: Introductory Readings in Geographic Information Systems Taylor & Francis, London.

Campbdl, H., 1994: How effective are GIS in practice? A case study of British Local Government,
Geographical Information Systems, Vol. 8., No.3, pp309-325.

Cardova, E., 1984 in Stover, W. J., 1984: Information Technology inthe Third World can |.T. Lead
to Humane National Development? Westview Press, Colorado.

Cassettari,S., 1993: Introduction to Integrated Geo-Information Management. Chapman & Hal,

London.

Chirwa, B., 1997: Living in acity of waste, in Geoinformation Africa, Issue 2, pp24-25

Chrisman, N.R., 1991: The error component inspatia datainMaguire, D.F., Goodchild, M.F., & Rhind,
D.W., 1991: Geographical Information Systems: Principles and Applications, Volume 1,
Longmans, London.

Coppock, J.T.,and Rhind D.W., 1991: The higtory of GISinMaguire, D.F., Goodchild, M.F., & Rhind,
D.W., 1991: Geographical Information Systems: Principles and Applications. Volume 1,
Longmans, London.

Corbett J.D., and O Brien, R.F., 1997: The Spatial Characterization Tool: - Africa version 1.0.
Technical Documentation, Blackland Research Center Report No. 97-03, CD-ROM publication,

Texas Agriculturd Experiment Station, Texas.

Corbett J.D., and O’ Brien, R.F., 1997: The Spatial Characterization Tool

209



References

Cowen, D.J., 1988: GISversus CAD versus DBMS. What are the differences? in Peuquet, D.J.,&
Marble, D.F., 1988: Introductory Readingsin Geographical | nfor mation Systems Taylor & Francis,

London.

Chukwudebe, R., and Duru, B., 1985: Status and congtraints of automated cartography traning in Africa
The Nigerian Example in Taylor, D.R.F, 1985: Education and Training in Contemporary
Cartography, Wiley & Sons, London.

Dangermond, J., 1990: A review of digitd data commonly available and some practical problems of
entering them into a GIS in Peuquet, D.J., and Marble, D.F., 1990: Introductory Readings in
Geographic Information Systems Taylor & Francis, London.

Davidson, D.A., Watson, A.l., and Seiman, P.H., 1994: An evaduationof GlSasanad to the planning
of proposed devel opmentsinrura areasinMather, P.M., 1994: Geographical | nformation Handling -

Research and Applications, John Wiley & Sons, Chichester.

Department of Environmenta Affairs and Touriam, 1994: Environmental Potential Atlases User's
Reference, Universty of Pretoria, Pretoria

Department of Environmenta Affairs and Touriam, 1998: Environmental Potential Atlases User's

Reference, University of Pretoria, Pretoria

Department of Environmenta Affairsand Tourism, 1998: Environmental Potential Atlases (ENPAT)

Dlamini, G.,pers.comm.

Downing, J., et al, 1991: Computers for Social Change and Community Organizing, The Haworth
Press, New York.

210



References

Epgein, E.F., and Roitman, H., 1991: Liability for information in Maguire, D.F., Goodchild, M.F., &
Rhind, D.W., 1991: Geographical Information Systems. Principles and Applications, Volume 1,
Longmans, London.

Erlank, S., and Du Plessis, R., 1993: Implications of the Teaching of Information Technology in
Developing CountriesinOjo, S.O., Parsons, D.J., Ige, J.A., 1993: I nfor mation Technol ogy Utilization

in Developing Countries, CISNA 93 Conference Organisng Committee, Printing and Publishing
Company, Gabarone.

Evans, D.D., 1984: Appropriate Technology and Its Role in Development in Ghosh, P.K., 1984:
Appropriate Technology in Third World Development, Greenwood Press, Connecticut.

ESRI, 1993: Under standing GI S The ARC/INFOMethod, LongmanScientific and technical, London.

Fincham, R.J., and Piper, S.E., 1991: Cinderdla no more? Moving beyond GIS to Spatiad Decison
Support Systems SAGI S Conference, Pietermaritzburg

Forsyth Thompson, P.R., 1994: Foreword in Parker, V., 1994: Bird Atlas of Svaziland, Websters,
Mbabane.

Fox, R.C., 1995: Population Atlas of Kenya.

Fox, R.C. 1998:pers.comm.

Fraser,1998:pers.comm.

Fry, C., 1997: Could do better? in Geoinformation Africa, Issue 1, pp30-32

Fry, C., 1998(a): A data drought in Ghana, in Geoinformtion Africa, Issue 5, pp26-29

211



References

Fry,C., 1998(b): Pride of Place in Geoinformation Africa, Issue 4, pp24-25
Gardner, B.R., 1993: Ensuring Successful 1.T. Utilisationin Devel oping CountriesinQjo, S.O., Parsons,
D.J, Ige, JA., 1993: Information Technology Utilization in Developing Countries, CISNA 93

Conference Organisng Committee, Printing and Publishing Company, Gabarone.

Ghosh, P.K., 1984: Appropriate Technology in Third World Development,Westwood Press,
Connecticut.

Goodchild, M.F.,1992: Geographical Information Sciencein Geographical I nformation Systems Vol
6., No.1., pp31-45.

Goudie, A.S., and Price Williams, D., 1983: The Atlas of Svaziland, Swvaziland Printing and Publishing,
Mbabane.

Huxhold, W.E., 1991: An Introduction to Urban Geographic Information Systems, Oxford
University Press, New York.

Hobson, C.D., 1993: ReGI S Tutorial Manual

Hoalt, J., 1998: The SCF Swaziland Risk Mapping Project in Ka Zondle News, Vol 2., No.1, pp2-5

Johnson, S., 1998:pers.comm.

Kasongo, E., 1993: Some Factors Undermining Successful 1.T. Utilisation in Developing Countries in

Ojo, S.O., Parsons, D.J, Ige, JA., 1993: Information Technology Utilization in Developing

Countries, CI SNA 93 Conference Organisng Committee, Printingand Publishing Company, Gabarone.

Keates, J.S., 1989: Cartographic Design and Production, Longman Scientific & Technical, London.

212



References

Kegting, R., 1992: Building Accuracy into GISin GISWorld, Vol 5. June, pp32-34.
Kdler, C.P., 1995: Viaudizing digitd atlas information products and the user perspective in
Cartographic Perspectives - Bulletin of the North American Cartographic Information Society,

Number 20, p21-29.

Lang, L., 1994: GIS Program Links Government AgenciesinGISWorld, Vol.7.,No. 1, January, pp44-
47.

Larsson, G., 1991: Land Registration and Cadastral Systems Longman, New Y ork.

Lemarchand, 1998:pers.comm.

Loxton, L., 1996: Ground Control in Post Magaz ne Supplement, September pp8-9

Lukhele, D.M., 1997:pers.comm.

Lynch,SD., and Schultze, R.E., 1996: Digital Agrohydrological Atlas for Southern Africa,
Deparment of Agricultura Engineering, University of Nata, Pietermaritzburg.

Lyon, D., 1988: The Information Society: Issues and Illusions, Polity Press, Cambridge.

Maguire, D.J., 1991: An Overview and definitionof GISinMaguire, D.F., Goodchild, M.F., & Rhind,

D.W., 1991: Geographical Information Systems: Principles and Applications, Volume 1,

Longmans, London.

Mamba, 1998:pers.comm.

Matambanadzo, P., 1997: Converging Futuresin Geoinformation Africa, Issue 1, pp18-21

213



References

Medyckyj-Scott, D., 1994 Visudizationand Human-Computer Interactionin Gl Sin Hearnshaw, H.M.,
and Unwin, D.J,, 1994: Visualization in Geographical Information Systems, John Wiley & Sons,
Chichester

Mendeson, J., and Roberts, C., 1998: An Environmental Profileand Atlas of Caprivi, Environmentd

Profiles Project, Namibia.

Mensah, F.K. and Nyamekye, A., The road to progressin Geoinformation Africa, Issue 3, pp30-31.

Minigry of Public Service and Information,1998: Review of Surveyor Generd’s Officein Swazland
Today, Vol.2, N0.26, p5.

Mogae, F.G., 1993: Opening Address in Ojo, S.O., Parsons, D.J,, Ige, JA., 1993: Information
Technology Utilization in Developing Countries, CISNA 93 Conference Organisng Committee,

Printing and Publishing Company, Gabarone.

Monmonier,M.S., 1985; Technological TransitioninCartography, the Universityof WisconsnPress,

Wiscongn.
Mortimer, G.N., 1992: Remote sensing in an ecological GIS at English Nature in Cadoux-Hudson, J.
& Heywood, I. (eds.), 1992: Geographic I nformation 1992/1993. The Yearbook of the Association

for Geographic Information, Taylor & Francis, London.

Mucombo, J.E., 1997: Landing a Fair Share in Geoinformation Africa, Issue 1, pp22-23.

Muller, J.C., 1991: Generdization of Spatial Databasesin Maguire, D.F., Goodchild, M.F., & Rhind,
D.W., 1991: Geographical Information Systems. Principles and Applications, Vdume 1,

214



References

Longmans, London.

Nae, D.K., 1992: Do Traditiona Map Standards Conflict with aGIS Landbase?in GISWorld, Val.
5., No.7., September 1992, pp50-53.

Nkambwe, M., and Arnberg, W., 1995: Usng GIS to improve data flow for the andyss of land use
competitioninatriba Africansettlement: a case studyfromBotswana, | TC Journal, Part No.2., ppl115
-119

Nyerges, T.L., 1993: How do People Use Geographic Information Systems? in Medyckyj-Scott, D.,
and Hearnshaw, H.M. 1993: Human Factor sin Geographical Information Systems, BelhavenPress,
London.

Odedra, M., 1992: Much More Than Human Resource Development for Africain Bhatnagar, S.C.,
1992: Information Technology Manpower: Key Issuesfor Developing Countries, Tata-McGraw-
Hill, New Dedhi

0Ojo, S.0., 1993: Appropriate Manpower Resourcesfor |.T. Utilizationin Developing Countriesin Ojo,
S.0., Parsons, D.J,, Ige, JA., 1993: Information Technology Utilization in Developing Countries,
CISNA 93 Conference Organisng Committee, Printing and Publishing Company, Gabarone.

Parker, V., 1994: Bird Atlas of Svaziland, Websters, Mbabane.

Parent, P., 1992: Database Availability Brings GISto the Massesin GISWorld, Vol 5., No.6, August
1992, pp72-74.

Pateni, C.N., 1997: Putting education on the map in Geoinformation Africa, Issue 1, pl6.

Porteous, T., 1999: What now? in BBC Focus on Africa, January/March, pp47-50.

215



References

Pryjomko, R., 1998: GIS blossoms in the Cape in Geoinfor mation Africa, 1ssue 4, pp26-29.

Ped ,R., 1997: Corporate balancing act in Mapping Awareness, Vol Il, No. 4, pp18-20.

Perkins, C., 1994: No longer doing it by the book: the rise of the dectronic atlasin GI SEur ope, p38-40

Petch, J., 1995: Epistemol ogica Aspects of Visudization in Hearnshaw, H.M., and Unwin, D.J., 1994.
Visualization in Geographical Information Systems John Wiley & Sons, Chichester

Peuquet, D.J., and Boyle, A.R., 1990: Interactions between the cartographic document and thedigitizing
processinPeuquet, D.J.,and Marble, D.F., 1990: Introductory Readingsin Geographic I nformation
Systems, Taylor & Francis, London.

Raveneau, JL., Miller, M., Brousseau, Y ., and Dufour, C., 1991: Micro-Atlases and the diffuson of

geographic information: An experiment with HyperCard in Taylor, D.R.F., 1991: Geographic

Information Systems: the microcomputer and modern cartography, Pergamon Press, London.

Reporter,1997: An informa way to search for stesin Geoinformation Africa, Issue 1, p10.

Reporter, 1998(a): Keeping safe on the farm in Geoinformation Africa, Issue 6, ppl12-14.

Reporter 1998(b): A closelook at the provincesin Geoinformation Africa, Issue 7, ppl2-14.

Rush, H.J., 1984: Sources of Technology in Development in Ghosh, P.K., 1984: Technology Policy

and Development: A Third World Per spective, Greenwood Press, Connecticut.

Rystedt B., 1995: Current trendsineectronic atlas productionin Cartographic Per spectives - Bulletin
of the North American Cartographic Information Society, Number 20, p 5-11.

216



References

Savane, L., 1984: Problems of Sdentific and Technologica Development in Black Africa, in Ghosh,
P.K., 1984: Technology Policy and Development: A Third World Perspective, Greenwood Press,
Connecticut.

Shand, M.C. and Silayo, E.H., 1996: Atlas mapping in Tanzania: an African case study in United
Nations Economic Commission for Africa, Addis Ababa ECA/NRD/CART.9/ORG p1-21

Shand M.C., 1996: Digital National Atlas of Tanzania.

Smeane, S, 1998:pers.comm.

Smkowitz, H.J., 1993: GIS Applications Benefit from Census Transportation Planning Data in GIS
World, Val. 6., No. 4., pp 38-40 ..

Socum, T.A., and Egbert, S.L., 1991: Cartographic DataDisplay in Taylor, D.R.F. 1991: Geographic

Information Systems: the microcomputer and modern cartography, Pergamon Press, London.

Stadler, C., 1997(a): Taking abite of the globa GI S market in Geoinformation Africa, Issue 2, ppl6-
18.

Stadler, C., 1997(b): GISin Africa- right place, right time? in Geoinformation Africa, Issue 1, ppl2-
14.

Stadler, C., 1997(c): Making the most of every drop in Geoinformation Africa, Issue 2, pp20-22.

Stadler, C., 1997(d): Mapping Out a Continent in Geoinformation Africa, Issue 1, pp25-27
Stadler, C., 1998 (a): A matter of life or death in Geoinformation Africa, Issue 5, pp20-22.

Stadler, C., 1998(b): Data for the Nation in Geoinformation Africa, Issue 4, pp34-35.

217



References

Stadler, C., 1998(c): Tempting tourists to Swaziland in Geoinformation Africa, Issue 7, ppl4-16.

Stover, W.J., 1984: Information Technologyinthe Third World: Can|.T. Lead toHumaneNational
Development?, Westview Press, Colorado.

Taylor, D.R.F., 1985: Cartography and | nternationa Devel opment: Some ConclusonsinTaylor, D.R.F.,
Education and Training in Contemporary Cartography, Wiley & Sons, London.

Taylor, D.R.F., 1991: Geographic Information Systems: The Microcomputer and Modern Cartography
in Taylor, D.R.F. 1991: Geographic Information Systems:. the microcomputer and modern

cartography, Pergamon Press, London.

The Kingdomof Swaziland, 1986: Report on the 1986 Population Census: Analytical Report, Vol 4,
Centra Statigtics Office, Mbabane.

Tomlin, D.C., 1990: Geographic Information Systemsand Cartographic Modelling, Prentice, New
Jersey.

Tomlinson, R.F., 1984: Geographic Information Systems - A new frontier in Peuquet, D.J., & Marble,
D.F.,1990: I ntroductory Readingsin Geographical | nfor mation Systems, Taylor & Francis, London.

Turk, A., 1993: The Relevance of Human Factorsto Geographica Information Systems, inMedyckyj-
Scott, D., and Hearnshaw, H.M. 1993: Human Factors in Geographical Information Systems,
Belhaven Press, London.

Tweedie, 1998:pers.comm.

United Nations Environment Programme, 1998: Eastern Africa Atlas of Coastal Resources: Kenya,

Nairobi.

218



References

Van Rensberg, J., and Dickinson, S., 1992: Making a Gl Swork and the futureof GISin municipalities,
MIE Municiple Engineer, Vol 23, May 1992, pp39-40.

Van Riet, W., 1998: pers.comm.

Van Riet, W., 1998: Tourism Potential Atlas of Svaziland.

VanViegen, T., VanRigt, W., VanRensburg, J., Du Plessis, L., Fourie, W., Gildenhuys, P., Fraser, F.,
1998: ENPAT project team

Van Waveren, E., 1998:pers.comm.

Verheust L., 1998: pers.comm.

Wain, R., 1997: Carein the profiled community in Mapping Awareness, Vol 11, No. 4.

White, K., 1994: Remote Senang in Progress in Physical Geography. 18(2), 295-304.

Woods, B., 1993: Communication, technology and the devel opment of people, Routledge, London

Wood, M., 1993: Interacting withM apsin Medyckyj-Scott, D., and Hearnshaw, H.M. 1993: Human
Factorsin Geographical Information Systems, Belhaven Press, London.

Wood, M., 1994: The Traditiond Map as a Visudization Technique in Hearnshaw, H.M., and Unwin,
D.J,, 1994: Visualization in Geographical Information Systems John Wiley & Sons, Chichester.

Yapa, L.S., 1991: s GIS gppropriate technology? Geographical Information Systems Val. 5. No.1

219



References

pp41-58.

Electronic sour ces

ComputaM aps, 1997: South African 1:500 000 Topographic data, serid no #011, 20 August 1997.

Water Research Commission,1997: Surface Water Resour ces of South Africa, Second edition.

I nternet
US Geologicd Survey (USGS), 1998: African Data Dissemination Services (ADDS),
http://edcintl.cr.usgs.gov/adds/adds.html

220



References

INTERNET REFERENCES
(All references dated May 1997)

Encarta World Atlas  http://www.encarta.com/ewa-us/pages/260.ntm

Mapquest http://mwww.mapquest.com

Omni Resources http:/AMwww.omnimap.conv/cata og/int/swaziland.htm

Sweziland http://bus ness.kent.eduw/sabos/swazila2.htm/working/swaziland.gif
Swaziland http:/Awww.africaonline.com/Afri caonline/countries/svaziland.html

221



	front
	chap1
	chap2
	chap3
	chap4
	chap5
	chap6
	appendix
	biblio

